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ABSTRACT 
Assessing the sustainability of construction products can help to identify particular 
characteristics and benefits which can then assist decision makers by allowing comparisons 
between products. Existing mechanisms and tools to make such assessments are associated to 
project-level assessments or have a bias towards environmental issues, rather than 
incorporating social, environmental and economic aspects of sustainability. The growing 
popularity of sustainability rating schemes and standards has created an imbalance for product 
manufacturers that are increasingly seeking ways to gain competitive advantage on the basis 
of producing more sustainable products. Aggregate Industries, a construction products 
manufacturer and the Building Research Establishment (BRE) therefore instigated this 
Engineering Doctorate (EngD) to address this lack of a holistic sustainability assessment 
methodology for construction products for manufacturers. 
 
The EngD research developed a sustainability assessment framework for ready-mixed 
concrete. The development of the framework was influenced by existing assessment schemes 
such as the BRE Environmental Assessment Method (BREEAM) and Ceequal (The 
Sustainability Assessment Scheme for Civil Engineering projects). The BRE BES 6001 
Framework Standard for the Responsible Sourcing of Construction Products was also a factor 
in this research complimented by primary research. The assessment framework addresses a 
range of sustainability issues such as community engagement (social), waste (environmental) 
and whole life cost (economic) amongst others tailored to ready-mixed concrete. These issues 
are assessed against three product life cycle stages; raw materials; manufacture and use. The 
outputs of the framework will then inform the manufacturer about areas for improvement and 
present a profile of each product for a given manufacturing site in a more holistic way than 
current methods allow. 
 
The trialling of the assessment framework both in the UK and Canada has shown that the 
output of the EngD is a viable mechanism to assess the sustainability of concrete from a 
manufacturer’s perspective. This research has given Aggregate Industries an opportunity to 
evaluate current objectives and targets within the business and helped to shape the future 
sustainability strategy. Aspects of the framework are also being considered for inclusion in 
the future development of the BRE’s BES 6001 Framework Standard for the Responsible 
Sourcing of Construction Products. This EngD has also identified an emergent need for a shift 
in future focus from individual products to a systems level assessment approach. Product 
sustainability tends to focus on the embodied impacts whereas the sustainability of 
construction systems has a much broader focus over the entire life cycle of the system. This 
area of work will require further research.  
KEY WORDS 
Sustainability assessment, construction products, ready-mixed concrete, framework 
development 
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PREFACE 
The Engineering Doctorate (EngD) is now a well established and recognised post graduate 
qualification that fulfils a different need to research than a traditional PhD. The EngD is a 
collaborative research programme over a four year full time study period that is industrially 
led and underpinned by a doctoral level of academic rigour.  
 
The EngD at Loughborough University is run through the Centre for Innovative and 
Collaborative Construction Engineering within the School of Civil and Building Engineering. 
 
This EngD was undertaken with Aggregate Industries, a leading construction materials 
supplier and the Building Research Establishment (BRE) which is a well established source of 
knowledge on the built environment in the UK.  
 
This thesis presents the research of the EngD and is split in to five chapters: 
• The first chapter presents the background to the EngD and explains the aims and 
objectives of the research 
• The second chapter consists of a literature review and presents the key standards and 
sustainability assessment schemes relevant to the UK construction industry 
• The third chapter explains the methodology behind the research and particular 
research methods employed throughout the research period 
• The research undertaken is presented in Chapter 4; this consists of a range of specific 
work packages and individual objectives within the overall aim of the research 
• The final chapter discusses the findings and implications of the research with 
particular relevance to the industrial sponsors and wider industry 
 
This thesis represents the summation of the EngD project; the key peer reviewed conference 
and journal papers are presented in the appendices. These papers support specific work items 
within the overall programme and are provided as a reference for further reading and detail on 
the EngD research presented. 
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1 BACKGROUND TO THE RESEARCH 
This chapter introduces the key issues and topics relevant to the general subject domain of the 
research. A brief summary of each industrial sponsor is given and acknowledgements made of 
the reasons for supporting the EngD. The context of the research is also presented as subject 
of ‘sustainable construction’ appears to have gained momentum in the past decade and the 
implications of new standards in particular has influenced the research. It was against this 
growing demand and interest around sustainable construction products that the EngD was 
created which has the purpose of developing a sustainability assessment framework for ready-
mixed concrete. 
The overarching aims and objectives of the EngD are presented along with a justification of 
the research. A thesis map shows the connections between the different objectives, work items 
and outputs. This chapter closes with a summary of the research and identifies the 
contribution to knowledge anticipated to be realised. 
1.1 THE GENERAL SUBJECT DOMAIN 
The construction sector in the UK accounts for 10% of GDP with an estimated turnover of 
£130 billion (Strategic Forum for Construction, 2011). The role and significance of 
construction to the UK economy has been acknowledged with a series of reports in the past 20 
years (Latham, 1994; Egan, 1998); each having their own recommendation for the industry to 
‘integrate better, to realise efficiencies and greater profitability’. This emphasis on improved 
working has shifted to the sustainability agenda with the publication of the Strategy for 
Sustainable Construction (BIS, 2008). The strategy sought to bring some coherence to the 
range of activities and initiatives already present in the construction industry; the topics 
covered in the strategy included: 
• Procurement 
• Design 
• Innovation 
• People 
• Better Regulation 
• Climate Change Mitigation 
• Climate Change Adaptation 
• Water 
• Biodiversity 
• Waste 
• Materials 
• Embedding & Reporting Progress 
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The Strategic Forum for Construction had a Sustainable Construction Task Group; this group 
has a direct role in defining the specific objectives and targets set out in the Strategy for 
Sustainable Construction (BIS, 2008). In 2009 the UK Government appointed Paul Morrell as 
the Chief Construction Advisor whose team produced a report entitled “Low Carbon 
Construction Action Plan 2011” (IGT, 2011) the emphasis of which was to reduce costs and 
reduce carbon whilst delivering better integration in the supply chain.  
Alongside these policy interventions there has been a growing demand and uptake of the 
leading sustainability assessment rating schemes in the UK for buildings and civil 
infrastructure; manufacturers are increasingly becoming aware of the need to better 
understand these schemes and standards that are being used. 
This focus on ‘sustainable construction’ at a policy and legislative level has certainly given 
the construction products industry a clear trajectory of intention against which to develop 
business strategies and research into more innovative products and solutions. Sustainability in 
construction can encompass a wide range of individual issues; the development of the 
sustainability assessment framework for ready-mixed concrete will synthesise a view of 
sustainability assessment for this construction product. Section 4.5 of this thesis discusses this 
further.  
1.2 THE INDUSTRIAL SPONSORS 
It is quite unusual for an EngD to have two industrial sponsors. This EngD was conceived in 
June 2008 when Dr Kristian Steele (then of BRE) and Dr Miles Watkins (Director of 
Sustainable Construction at Aggregate Industries) discussed the need for more information 
and research for the sustainability assessment of construction products and materials. After 
some further discussions with Professor Jacqui Glass of Loughborough University this EngD 
project was developed and instigated. 
1.2.1 AGGREGATE INDUSTRIES 
Aggregate Industries was formed in 1997 through the merger of Bardon Group and Camas 
Building materials, the company was listed on the FTSE 350 index until 2005 when the Swiss 
company Holcim bought out the existing shareholders. Holcim is one of the world’s largest 
cement manufacturers and has interests in ready-mixed concrete, aggregates and other 
construction materials (www.holcim.com).  
Aggregate Industries is one of five major construction materials suppliers in the UK with an 
annual turnover in excess of £1 billion (www.aggregate.com). In 2011 Aggregate Industries 
produced: 
• 29 million tonnes of aggregates 
• 2 million cubic metres of ready-mixed concrete 
• Over 5 million tonnes of asphalt 
• 2 million tonnes of precast concrete products 
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Aggregate Industries has been reporting on sustainability issues since 2000 and has produced 
an annual report since 2002. For the past three years the annual report has been audited by an 
external third party organisation against the Global Reporting Initiative (GRI) suite of 
indicators for disclosure; Aggregate Industries has achieved an A+ application level in this 
regard which is considered a leading achievement in the UK construction materials sector.  
Aggregate Industries was the first company in the world to become certificated to the BRE 
Framework Standard for the Responsible Sourcing of Construction Products (BES 6001, 
BRE, 2008). Sustainability is a key part of the ongoing strategy and development of 
Aggregate Industries hence the outputs of this EngD will contribute to this strategy. 
1.2.2 BRE 
The Building Research Establishment (BRE) is over 90 years old and was formerly part of the 
UK Government until the late 1980’s when it was privatised. BRE is now run as a charitable 
trust and is governed by the BRE Trust; under the BRE company there are three primary 
business streams: 
• BRE - Primarily focused on consultancy and advisory work  
BRE Global - Certification and assessments of products and servicesBRE Ventures - The 
body which seeks to develop innovative products and solutions These divisions within BRE 
are commercial entities seeking to remain profitable in whichever service they provide. Profits 
are retained by the BRE Trust to invest in particular research projects carried out by BRE staff 
or other areas such as funding PhD students. This EngD is supported in time and advice from 
the Building Research Establishment Environmental Assessment Method (BREEAM) 
materials team within BRE.  
The BREEAM materials team within BRE are responsible for the environmental profiles 
methodology (explained in further detail in chapter 2) which underpins the Green Guide to 
Specification (Anderson et al, 2009). This is the most widely used life cycle assessment 
system in the UK construction sector for the assessment of the environmental impacts of 
construction products and the subsequent communication of these to the wider industry. The 
outputs of the EngD will give BRE insights on the use and adaptability of existing tools and 
standards from the perspective of a construction products manufacturer. 
1.3 THE CONTEXT OF THE RESEARCH 
Environmental and Sustainability assessment in the construction sector is well established 
with schemes like BREEAM (BRE Environmental Assessment Method), the Code for 
Sustainable Homes and Ceequal. BREEAM is the scheme that assesses non-domestic 
buildings like schools, hospitals and offices whereas the Code for Sustainable Homes assesses 
residential properties. Ceequal (version 5) is the ‘Sustainability assessment and awards 
scheme for civil engineering, landscaping, infrastructure and the public realm’ (Ceequal, 
2012). BREEAM and Ceequal in particular have been updated during the course of the EngD 
and amongst the changes there has been an increasing focus on the stewardship of 
construction products and the energy used by the constructed asset during the use phase (i.e. 
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post construction). The additional focus on product stewardship saw the publication of BES 
6001 Framework Standard for the Responsible Sourcing of Construction Products from BRE 
in October 2008 (BRE, 2009). This standard allows organisations (product manufacturers) to 
demonstrate the governance of the sources of materials to make their products and how a 
range of social and environmental issues such as water management are addressed. 
Understanding how these assessment schemes address construction products will be a key 
part of the research alongside understanding firsthand how industry stakeholders view 
different material characteristics. There is a gradual shift in the construction market where 
sustainability issues (whether they be individual metrics or whole assessment schemes) are at 
least being discussed if not being integrated in to procurement documents (Skanska, 2009). 
Figure 1.1 shows (conceptually) how the construction market is evolving from a ‘traditional’ 
view of lowest cost wins to a more balanced approach which is inherently more ‘sustainable’; 
common issues like carbon, waste and water might be considered within the ‘sustainable’ 
section of the graph but equally issues like better payment terms and supply chain integration 
could be just as relevant. 
 
Figure 1.1 Conceptualisation of how sustainability issues are influencing the construction market 
 
Organisations are seeking competitive advantage through sustainability (Schroeder & 
Robinson, 2010) and the range of issues being incorporated under this umbrella is increasing 
to create a more holistic approach (Lozano, 2012).  
 
Simultaneously there is a growing body of research fuelled by the proliferation of standards 
relating to Environmental Product Declarations (EPD) and Life Cycle Assessment (LCA). 
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Standards of particular relevance to this EngD are the British Standard on the sustainability 
assessment of materials (BS 8905, 2011) and BS EN 15804 ‘The Sustainability of 
construction works. Environmental product declarations. Core rules for the product category 
of construction products’ (BS EN 15804, 2012). There are a number of studies relating the 
use of EPD/LCA to construction (Ortiz et al, 2009; Doublet & Jungbluth, 2010). There is also 
research linking EPD to products stewardship approaches such as responsible sourcing (Glass 
et al, 2012) and broader Corporate Social Responsibility (CSR) (Skaar and Fet, 2012). For a 
construction products manufacturer it is arguably the right time to make key strategic 
decisions about how to comply with potential legislation and seek competitive advantage at 
the same time.   
Mohrman & Worley (2010) explain that most organisations are on a sustainability journey; 
this is certainly true of both Aggregate Industries and the BRE, although both of the industrial 
sponsors are some way along the road on this particular journey. Organisations are seeking 
competitive and commercial advantage from sustainability (Schroeder & Robinson, 2010) and 
there is an increasing focus on the ‘triple bottom line’ (Elkington, 2002) of social, 
environmental and economic issues. Therefore any organisation (not just in construction) 
needs to fully understand how ‘sustainable’ it is; if an organisation fails to do this it will 
continue to operate but in an ever decreasing market cf Figure 1.1.  
For a construction products supplier the key stages of a product focus on the manufacturing 
stage, how these products contribute to the built environment. Of the range of products that 
Aggregate Industries manufactures ready-mixed concrete was identified as the most 
significant as it is the most widely used construction material in the world (The Concrete 
Centre, 2010). Developing a framework to assess the wider sustainability impacts of ready-
mixed concrete will allow Aggregate Industries to identify areas of improvement to make 
more sustainable products which will inevitably lead to a more sustainable business. The 
development of the framework will also require stakeholder consultation to ensure the issues 
are reflective and understood by the wider industry. The framework will also have to be tested 
and reviewed to ensure validity. 
The EngD brings together academic rigour to an industry issue; this coupled with a research 
engineer who has business experience and a strong academic foundation has delivered a 
contribution to knowledge and direct benefit to the industrial sponsors. The contribution to 
knowledge relates to three points: 
1. It has been demonstrated that it is possible to combine a range of sustainability issues 
related to the assessment of ready-mixed concrete  
2. The methodology for conducting such sustainability assessment has been described 
and presented such that it could be easily repeated 
3. For a construction products manufacturer it is perhaps more valuable to embed such 
assessment issues into existing management systems i.e. ISO 14001 
The timing of the EngD has been fortuitous; key standards have been published in the area of 
sustainability assessment of products, the concept of responsible sourcing has become widely 
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recognised in some sectors and adopted by the leading construction product manufacturers in 
the UK (BRE Greenbooklive, 2012). There has also been a great deal of development in terms 
of the use and understanding of LCA and EPD in the market. The industrial sponsors had 
different needs in this respect but the EngD was designed to meet these needs. 
1.4 OVERARCHING AIM 
The overarching aim of the EngD is to 
“Develop a sustainability assessment framework for ready-mixed concrete” 
 
As mentioned previously the two industrial sponsors have different needs. This aim is directly 
relevant for Aggregate Industries as a construction products manufacturer and the framework 
is intended to be used internally within the company to help better understand the broader 
sustainability impacts of ready-mixed concrete manufacture. This in turn will identify areas 
for greater focus and in turn help to create a more sustainable product.  
For the BRE the EngD will be able to reflect objectively on the issues relating to EPD and 
LCA as part of the development of this research framework. Importantly from a 
methodological perspective the role of the Green Guide to Specification (Anderson et al, 
2009) and the responsible sourcing standard (BES 6001, 2009) could be revised based on the 
recommendations presented in Chapter 5. 
That said, Aggregate Industries is the primary industrial sponsor as the author was employed 
by Aggregate Industries for a number of years prior to undertaking the EngD. Regular 
meetings with both groups of industrial and academic supervisors were undertaken to ensure 
that the needs of all parties were being met and expectations being managed in relation to the 
outputs of the EngD. Due to the dynamic nature of this research field the supervisors played 
an important role in making the author aware of developments in the construction products 
industry and other research projects being undertaken. 
1.5 RESEARCH OBJECTIVES AND OVERALL APPROACH 
In order to meet the aim set out previously a series of four objectives were agreed, these 
being, to:  
• Understand how assessment schemes like BREEAM and Ceequal assess materials 
(Objective 1) 
• Identify the key drivers for materials selection in the UK construction industry 
(Objective 2) 
• Develop a sustainability assessment framework for ready-mixed concrete (Objective 
3) 
• Test, validate and review the framework (Objective 4) 
Figure 1.2 shows how the overarching aim and research objectives relate to the specific work 
items and academic outputs (published papers and links to other parts of this thesis). 
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Figure 1.2 Research map linking the objectives to EngD outputs 
 
Sustainability is a word that can have a number of meanings. In the truest sense of the word it 
simply means to ‘sustain’ or continue. For an organisation it implies the continuous 
profitability of the business whilst not creating negative environmental or social consequences 
as a result. Therefore sustainability is not an end to itself as environmental, social and 
economic norms are constantly changing. A more realistic understanding of the use of this 
word would be to term development and assessment as the ‘least unsustainable’. This EngD 
uses the terms ‘sustainable/sustainability’ for the purposes of simplicity but the author holds 
the view that systems, services and products can become less unsustainable but not 
necessarily sustainable.   
Sustainability assessment at the level of the construction asset i.e. the project is well served. 
However there is little that fulfils product level sustainability assessment; this is becoming 
increasingly relevant since the Strategy for Sustainable Construction (BIS, 2008) has set out a 
number of areas specifically relevant to the construction products industry.  
By better understanding how materials are assessed in the current assessment schemes 
(BREEAM and Ceequal) it will influence how this EngD could develop what has already 
been developed by the sector and strengthen it with a particular focus on the sustainability  
assessment of ready-mixed concrete. Aggregate Industries will then be able to address 
particular issues which will help their products perform better in isolation and within the 
aforementioned sustainability ratings schemes. 
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Primary research will support the development of the framework and ensure that it reflects 
current thinking and sustainability issues of significance to the construction sector. Bringing 
these outputs together with those from the existing standards and assessment schemes will 
further validate the range of sustainability issues within the assessment framework.  
The development of the framework will include a suite of weighted sustainability issues; 
these are likely to be biased to the manufacturer (due to the participants in the survey). 
However as the assessment framework is intended to be used by Aggregate Industries only as 
an internal benchmarking tool then such a biased set of weightings is acceptable and actually 
needed. The subsequent trialling and feedback of the framework is essential to check the 
validity of the framework and also allow a critical review of the methodology and outputs. 
1.6 RESEARCH APPROACH 
Objective 1 sought to get an in depth understanding of how materials are assessed in 
BREEAM and Ceequal; these schemes have already been identified as the leading assessment 
schemes in the UK construction sector. The review of these approaches is documented in the 
literature review in Chapter 2 along with a summary of the BREEAM materials assessment 
The Ceequal analysis was the subject of a published journal paper in the ICE Transport 
journal in August 2011(Ghumra et al, 2011b; Appendix B). 
Objective 2 was fulfilled by developing a hierarchy of drivers from primary field research 
consisting of a number of semi-structured interviews with key industry stakeholders. This list 
of issues fed directly in to the development of the framework. This work was presented by the 
author at the 3rd Annual Postgraduate Conference on Engineering and the Environment at the 
Hong Kong Polytechnic University in July 2011 (Ghumra et al, 2011a). 
Objective 3 required that the framework be developed based on the weighting of the 
individual sustainability issues. These weightings were derived from an internal (Aggregate 
Industries) survey and a number of the outputs from previous work items helped to finalise 
the framework. The development of the framework and survey findings are the subject of two 
published peer reviewed conference papers (Appendices C and D). The first is the 
development of the sustainability issues for the framework presented at the Sustainable 
Buildings Conference in Helsinki in October 2011 (Appendix C) and the second was the 
validation of a weighting process of the framework sustainability issues presented at the 27th 
Annual ARCOM Conference in Bristol in September 2011 (Appendix D). 
Objective 4 was focused on the testing and review of the applicability of the framework both 
in the UK and in an international context. A focus group was to be held to review the content 
and approach of the framework. The fulfilment of this objective allowed for critical review to 
identify the contribution to knowledge and the benefits to the industrial sponsors and wider 
construction industry. The findings from the UK trials are presented in Appendix D, which 
has been submitted to the Journal of Industrial Ecology. The findings from the trials in 
Canada are given in the conference paper presented at the Building Sustainability Assessment 
conference in Porto, Portugal in May 2012 (Appendix E). 
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1.7 THESIS STRUCTURE 
This thesis is split into five chapters; Chapter 1 gives an outline of the research context and 
background along with the aims and objectives of the research. Chapter 2 is the literature 
review of previous academic work on this subject area and a review of the key industry 
developments related to the EngD is presented. Chapter 3 details the methodological choices 
made and the research methods adopted. Chapter 4 details the research undertaken and aligns 
these to the objectives presented in chapter 1. Chapter 5 presents the findings and implications 
of the research; identifies the contribution to knowledge and gives recommendations for 
future research.  Five papers are presented in the appendices which are referenced throughout 
the thesis. These papers were the key outputs of the EngD during the four year research 
project. Table 1.1 summarises these papers. The papers provide further detail to complement 
the thesis. These papers are summarised and presented in this thesis however for further 
insight and explanation into a particular objective output the reader should refer to the 
relevant papers in the appendices.  
 
Table 1.1 EngD Papers 
Thesis 
Reference 
Paper Title Journal/Conference Status  
(as of 10/10/12) 
Paper 1 
Appendix B 
Materials Assessment in Ceequal 
Transport Projects 
ICE Transport Journal Published 
Ghumra, S., Glass, J., Frost, M W., Watkins, M. and Mundy, J. (2011). Materials & Energy 
Assessment in Ceequal Transport Projects. Proceedings of the Institution of Civil Engineers 
Transport 164 (3), 153 - 164. 
Paper 2 
Appendix C 
Developing a Framework for the 
Sustainability Assessment of Construction 
Products 
Sustainable Buildings 
Conference in Helsinki 
Published 
Ghumra, S., Glass, J., Frost, M. W., Watkins, M. and Mundy, J. (2011). Developing a 
Framework for the Sustainability Assessment of Construction Products In: Proceedings of 
the World Sustainable Building Conference, 17-21 October 2011, Helsinki, Finland, SB11, 
Volume 2; 420 - 421 Extended abstract.  
Paper 3 
Appendix D 
Validating a Set of Empirically Weighted 
Sustainability Indicators for Construction 
Products 
27th Annual ARCOM 
Conference in Bristol 
Published 
Ghumra, S., Glass, J., Frost, M. W., Watkins, M. and Mundy, J. (2011). Validating a set of 
empirically weighted sustainability indicators for construction products In: Egbu, C. and 
Lou, E.C.W. (Eds.) Proceedings of 27th Annual ARCOM Conference, 5-7 September 2011, 
Bristol, UK, Association of Researchers in Construction Management, 1115 - 1124.  
Paper 4 
Appendix E 
Testing an empirically derived 
sustainability assessment framework on a 
UK concrete manufacturer 
Journal of Industrial 
Ecology 
In review  
Ghumra, S., Glass, J., Frost, M. W., Watkins, M. and Mundy, J. (2012). Testing an 
empirically derived sustainability assessment framework on a UK concrete manufacturer. 
Journal of Industrial Ecology. Submitted manuscript July 2012. In review.   
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Thesis 
Reference 
Paper Title Journal/Conference Status  
(as of 10/10/12) 
Paper 5 
Appendix F 
Internationalizing a UK-based 
sustainability assessment framework for 
construction products 
Building Sustainability 
Assessment 
Conference in Porto 
Published 
Ghumra, S., Glass, J., Frost, M. W., Watkins, M. and Mundy, J. (2012). Internationalizing a 
UK-based sustainability assessment framework for construction products  In: Proceedings of 
the Building Sustainability Assessment Conference, 23-25 May 2012, Porto, Portugal.   
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2 THE CURRENT STATUS OF SUSTAINABILITY IN UK 
CONSTRUCTION 
2.1 INTRODUCTION 
This EngD has sought to acknowledge simultaneously the specific academic understanding of 
sustainability in construction relevant to this research and remain cognisant of the 
developments taking place within the construction industry. To aid the discourse of the thesis 
this chapter considers the concept of sustainable construction and what mechanisms exist for 
carrying out sustainability assessments; this chapter also looks at how such sustainability 
information is communicated and how different approaches are available. In the latter part of 
this chapter there is a review of industry activity in this research space. Whilst there are many 
links between academic studies and industry activity from an issue perspective e.g. waste, the 
degree of rigour and methodological choice is more evident in previous academic research for 
the purposes of critique and comparison. The chapter closes with a summary of the key points 
from the literature review and most significant developments in industry. The gaps in existing 
research are also clearly identified; specifically a more holistic approach to the sustainability 
assessment of construction products is determined to be a major opportunity to contribute to 
knowledge.  
2.2 LITERATURE REVIEW 
2.2.1 DEFINING SUSTAINABILITY 
Throughout this thesis the term sustainability has been used frequently. As described in 
Chapter 1 (p7) the author acknowledges the potential difficulty in presenting ‘sustainability’ 
as a definitive concept. There is a perception that environmental assessment and sustainability 
assessment are interchangeable terms in the construction sector which is incorrect. However, 
as will be demonstrated later in this chapter, some environmental assessments address non-
environmental matters which further perpetuate the perception mentioned.  
2.2.2 SUSTAINABLE CONSTRUCTION 
The most widely used definition of sustainable development is that from the Brundtland 
Commission in 1987 (Brundtland, 1987) which defines sustainable development as meeting 
“the need of the present without compromising the ability of future generations to meet their 
own needs”. There are a number of issues with this statement such as; defining what the 
‘need’ is, the time dimension of sustainable development and what level of economic growth 
is required (an area of much debate following the financial crisis in 2008/9). It is not the 
purpose of this EngD to debate the validity of the Brundtland definition but simply to 
acknowledge its widespread use. This definition has influenced government policy and 
supports a longer term view of sustainability. 
Sustainable development for construction is termed ‘sustainable construction’ which 
according to Kilbert (2007) includes such issues as: 
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• Procurement 
• Site planning 
• Material selection and use 
• Recycling 
• Waste and energy minimisation 
• Whole life cycle 
Reflecting on the contents of the UK Strategy for Sustainable Construction (BIS, 2008) 
reveals that the understanding of ‘sustainable construction’ has certainly evolved if not 
matured in recent years compared to the collection of topics listed above. The role of 
legislation is often referenced in respect of embedding sustainability in construction where 
‘more regulation would help drive sustainability’ seems to be a scapegoat in some cases for 
organisations not seeking to lead legislation. However ‘legislation is the lowest common 
denominator’ (Halliday, 2008, p30) and the ‘construction sector (and related businesses) have 
a vital role to play in helping the UK move towards sustainability’ (Bender, 2003). The 
importance of such definitions and strategies is that they seek to define sustainability through 
a number of specific issues; subsequent measurement against these issues then forms the 
backbone of any sustainability assessment frameworks, which are the main subject of this 
research.  
2.2.3 SUSTAINABILITY ASSESSMENT 
Environmental and Sustainability assessment in construction is mostly founded at the project 
level through the use of rating schemes such as BREEAM and Ceequal (which are explained 
in more detail later in this chapter in section 2.3). It is important to note that BREEAM is 
primarily an environmental rating system both in the 2008 version (used as a basis of some 
work packages) and the 2011 version. Ceequal on the other hand was primarily an 
environmental assessment system in both versions 3 and 4 however the scope of assessment 
grew significantly with version 5 and can now be considered a more holistic assessment 
system. There are many sustainability (and environmentally focussed) assessment rating 
schemes in existence beyond the scope of the two examined for this EngD (namely BREEAM 
and Ceequal, primarily because other schemes operate outside the UK); however a number of 
studies are available that review and compare these rating systems (Haapio & Viitaniemi, 
2008; Berardi, 2011; Ding, 2008). Opinions range from the overtly simplistic (Berardi, 2011); 
the pragmatic (Haapio & Viitaniemi, 2008) where different schemes can not be truly 
compared as they address different things and the complex; e.g. Ding (2008) advocates the 
use of a more sophisticated multi-dimensional model that will allow different options (for 
building design etc) to be ranked.  Perhaps part of the seeming academic frustration with the 
existing set of schemes like BREEAM is that they are prescriptive, what is often overlooked 
is that rating schemes need to be perceived as valuable if they are to be used widely in 
industry where having an award/rating for a building or bridge is often the main objective. 
Different stakeholders will always have different perceptions to sustainability assessment 
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(AlWaer et al, 2008), but this is not a firm basis from which to argue that rating systems are 
worthless; the BREEAM scheme for instance regularly come under criticism (May, 2009) but 
they are also acknowledged for having made contributions at least in terms of making 
‘sustainable construction’ more accessible. The challenge is accepting how sustainability 
assessment at a project level is viewed within the construction sector by those who have to 
comply and provide data; often these requirements are client led and forced down the supply 
chain .  
The level of accuracy of assessment for a particular building design or archetype is inevitably 
compromised within a broader assessment framework that needs to encompass a wide range 
of building types; for example a specific study on a terraced property may identify particular 
attributes of that type of house which may become less significant if the properties of 
detached and semi-detached homes are also included in the assessment.  The proliferation of 
different specific models and tools such as Pons & Aguado (2012); SuPerBuildings (2012); 
Lee et al (2011); Castro-Lacouture et al (2009); Ugwu & Haupt (2007) lack commercial 
viability or large scale market usage due to their specific nature and scope of assessment. 
Some of these works do not support the ‘decision making process’ in industry and are 
therefore not widely used. The sustainability assessment of construction products has focused 
on individual metrics like carbon footprinting (BATH ICE Database, 2010) and recycled 
content (WRAP, 2011). The BRE Green Guide to Specification (Anderson et al, 2009) is the 
most widely-used product assessment tool (due to its integration into BREEAM), however 
this is an environmental assessment of building elements using Life Cycle Assessment 
(LCA). The BES 6001 (BRE, 2009) standard for responsible sourcing perhaps represents the 
middle ground where products/groups of products are assessed within a specific 
organisational context. This in itself brings a trade off between individual product assessment 
and that of the organisation; this conflict is discussed in more detail in the next section. The 
BS 8905 standard (explained in section 2.3) seeks to outline a process by which organisations 
could assess the sustainability of their products (not just construction products). One key 
challenge with the assessment of products is the identification of the intended audience and 
how this information is communicated, which is of specific relevance to this study. 
2.2.4 COMMUNICATING SUSTAINABLE PERFORMANCE 
Life Cycle Assessment (LCA) has developed into a broadly used and recognised term within 
the construction industry, which has made significant developments with this tool since 2000 
(Ortiz et al, 2009). For an LCA to be comparable the underlying principles must be the same 
for product groups, these are called the product category rules or PCR. “The PCRs are 
intended to level the playing field in that all LCAs are obliged to address the same predefined 
scope and boundary conditions” (Fava et al, 2011). The outputs of LCAs are called 
Environmental Product Declarations (other things can be EPDs as well though) and there are 
degrees of credibility and standards to support claims (ISO 14021, 2001; ISO 14024, 2001; 
ISO 14025, 2006). There is also a standard for the communication of EPDs (BS EN 15942, 
2011) for business to business relationships. There is anecdotal evidence that EPDs are having 
an impact on the Small and Medium Sized Enterprises (SMEs) in construction (Zackrisson et 
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al, 2008). There is also a shift towards generic sector based EPDs in the construction products 
sector (Strazza et al, 2010) which may be due to the cost of LCA and emerging standards 
from the European standards agency (CEN) further explained in section 2.3. Despite these 
efforts there is a degree of risk associated to the proliferation of EPDs and whether 
comparisons can really be made (Ingwersen & Stevenson, 2012) who also argue that 
overarching PCRs should be created that allow for regional variance rather than the current 
situation (where product specific PCR are created at a national or European level that do not 
allow for regional variances). Skaar and Fet (2012) draw a link between EPDs and Corporate 
Social Responsibility and take a view (that is relevant to this EngD) that “building on the 
strength of the EPD a scientific consensus building approach is recommended”, however what 
Skaar and Fet (2012) fail to acknowledge is the role of responsible sourcing (which is 
admittedly a UK-centric standard) that meets a number of the areas of concern and creates a 
link between the organisation, its products and sustainability performance. Sustainability 
reporting itself has developed in recent years (Lozano & Huisingh, 2011) often based upon a 
triple bottom line (Elkington, 2002) or the traditional three overlapping circles. However such 
approaches do not show the continuity between the issues (Lozano, 2008). Whilst it is 
important for academic research to identify weakness and imperfections with conceptual 
models it must also acknowledge that practical use and ease of communication may 
sometimes appeal to industry users.  Erlandsson and Tillman (2009) also talk about the role of 
‘corporate environmental information’ and stress the importance of the flow of information in 
the supply chain. The reality and use of EPDs is somewhat uncertain; organisations may ask 
for EPDs from their supplier but to what extent (if any) this forms part of an integrated 
approach to procurement is debatable. It is therefore important to understand the benefits of 
an assessment and how resulting information can be used. 
2.2.5 COMPETING DECISION MAKING METHODOLOGIES 
LCA has been established as a leading tool to establish and understand primarily the 
environmental impacts of products. This is most commonly used in a streamlined form and 
communicated as carbon footprints for which there are a growing number of standards (PAS 
2050; WRI GHG Protocol, ISO 14064). Procurement of construction products based solely on 
carbon footprint have not materialised however this is increasingly likely over time as the 
awareness of climate change (and broader sustainability) increases cf Figure 1.1. The use of 
LCA beyond environmental aspects has already been extended by Lippiatt & Ahmed (2008) 
who included economic variables in the BEES (Building for Environmental and Economic 
Sustainability) tool. The BEES approach did not seek to address social impacts as these are 
much more difficult to quantify and normalise than environmental and economic issues. One 
of the challenges relating to the use of LCA is the weightings given to different environmental 
impacts (Khasreen et al, 2009) in the effort to reach a combined result that can be 
communicated cf the BRE Green Guide to Specification (Anderson et al, 2009). The 
limitations of LCA are well documented (Udo de Haes et al, 2004; Finnveden et al, 2009) but 
as with the BEES approach there is an appreciation that LCA can be broadened by connecting 
to other concepts and methods (Jeswani et al, 2010) to provide a wider reaching assessment. It 
is therefore important that some relevance is given to LCA in the developed sustainability 
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assessment framework in this EngD.  Specific LCA studies can be expensive and require 
expert knowledge to conduct assessments; a number of these academic studies do not 
acknowledge that the application of such a tool like LCA takes years of training and 
competence building if an organisation is to develop it for themselves rather than 
commissioning a consultant.  
Multi-criteria approaches have also been developed for the sustainability assessment of 
construction assets (e.g. Elghali et al, 2008; Ding, 2005). These approaches seek to analyse a 
number of variables to evaluate the different options whether it be a particular design or 
alternative solution. They are however complex using sophisticated software packages that 
would not normally be used in the construction products industry. The simplicity/ease of use  
of any developed framework has to be a key consideration if it is to become widely adopted.  
2.2.6 SUSTAINABLE CONCRETE 
Concrete is one of the most widely used construction materials in the world (Sustainable 
concrete, 2010). The primary trade body representing the concrete industry in the UK (from a 
sustainability perspective) is the Sustainable Concrete Forum. All of the leading 
manufacturers of concrete are represented at the Forum which means that actions agreed upon 
have an immediate uptake within the concrete sector. The concrete sector in the UK was one 
of the first sectors to develop guidance for members seeking certification to the BES 6001 
standard for responsible sourcing. Concrete is now one of the largest product groups covered 
under the BES 6001 standard (BRE Greenbooklive, 2012).   
Sustainability for concrete has been approached from a number of different areas such as 
introducing recycled aggregates (Henry et al, 2011, Tam et al, 2010); fibre reinforcements 
(Filho et al, 2012); and reducing carbon/energy of the product by using cement replacements 
such as PFA (Pulversied Fly Ash) and GGBS (Ground Granulated Blast Slag) Van Den 
Heede & De Belie (2012); Higgins, (2012); Kinuthia & Oti, (2012); Goggins et al, (2010); 
Berndt, (2009); Pulselli et al, (2008).  
LCA studies have been published for many concrete applications with an emphasis on the 
vertical built environment rather than the horizontal. The principles of LCA are presented in 
section 2.3.2. Prefabrication has also been the subject of assessment through the work of Chen 
et al (2010) whose results showed that social awareness and environmental concerns were 
significant factors. The focus of this EngD is on ready-mixed concrete but it is accepted that 
prefabricated concrete has some benefits as does self compacting concrete (Rich et al, 2012). 
As the operational energy of buildings falls the shift in focus will be borne by the major 
construction materials in the envelope of the building (Broun & Menzies, 2011). An LCA was 
carried out on an average house in Scotland by Asif et al (2007) which identified concrete as 
consuming 65% of the total embodied energy of the dwelling. Conversely when applying 
LCA to a bridge refurbishment Steele et al (2003) found that after nine days construction 
work on the bridge the impact from the traffic diversion was more than rebuilding the entire 
bridge. The scope of study is therefore extremely important when dealing with LCA for 
construction projects and products. The LCA of roads is not addressed here but a wealth of 
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research papers can be found all of which have different (but all complex) boundaries e.g. 
Santero et al (2011); Birgisdottir (2008); Huang et al (2009); Stripple (2002).  
There is a significant volume of existing research on sustainability assessment, specific LCA 
studies for construction products and a detailed understanding of the characteristics of 
concrete; however what is lacking is a sustainability assessment framework for concrete 
which is focused on the manufacturer as the primary beneficiary.  
2.3 THE INDUSTRIAL RESEARCH SPACE 
A review of existing standards and schemes is presented in this section with a particular focus 
on industry relevance and how this related and influenced the EngD research. 
The key areas relating to a research project on the sustainability assessment of ready-mixed 
concrete include: 
• Standards - primarily relating to sustainability (not necessarily specific to 
construction) 
• Sustainability Assessment Schemes like BREEAM and Ceequal 
• Life Cycle Assessment and Environmental Product Declarations 
• Responsible Sourcing, Product Stewardship and Sustainable Procurement approaches 
The next sections present an introduction to the above areas and draw connections to these 
topics and the EngD research. There will be some particular focus given to the development 
of these topics during the EngD study period as the past four years has been a time of 
significant progress in these areas. As this is a dynamic topic some acknowledgments are 
given to current and future projects relevant to ‘sustainable construction’.  
2.3.1 THE SUSTAINABILITY SCHEMES AND STANDARDS 
Environmental and Sustainability assessment schemes such as BREEAM and Ceequal are 
becoming increasingly popular in the UK construction sector BREEAM has been established 
for more than 20 years (BRE, 2010) whilst Ceequal nearly 10 years (Ceequal, 2011). Schemes 
such as these cover a range of issues relating to the construction asset whether this is an office 
block (assessed under BREEAM) or a bridge (assessed under Ceequal).  
Part of the sustainability business of BRE is the range of building assessments known as 
BREEAM (BRE Environmental Assessment Method) which first started in 1990. There are a 
growing number of BREEAM schemes that cover the different requirements of particular 
building types such as Offices; Industrial; Retail; Prisons; Courts; Education, Healthcare and 
for other more unusual building types a BREEAM Bespoke scheme can be provided.  
 
“BREEAM is the world’s leading and most widely used environmental assessment method 
for buildings…It sets the standard for best practise in sustainable design” (BRE, 2010).  
Credits are the currency of BREEAM and are awarded in ten categories. These category 
scores are weighted and to produce an overall score on a scale of Pass (30%), Good (45%), 
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Very Good (55%), Excellent (70%) and Outstanding (85%). The ten categories and the 
associated weightings for new build projects are shown in Table 2.1 overleaf.  
 
Sections denoted with * in Table 2.1 indicate the presence of minimum requirements in that 
particular BREEAM section where some credits have to be obtained to achieve particular 
rating levels. Credits that do not form part of the minimum requirements are deemed 
‘tradable’. The materials section does not have any minimum requirements. BREEAM is not 
mandatory; however sustainability champions have argued that a shift from voluntary 
schemes to mandatory schemes is the next step (Kilbert, 2007).  
 
Table 2.1 BREEAM 2008 environmental weightings 
BREEAM Section  Weighting (%) 
Management*  12 
Health & Wellbeing*  15 
Energy*  19 
Transport  8 
Water* 6 
Materials  12.5 
Waste* 7.5 
Land Use & Ecology* 10 
Pollution  10 
Innovation  10 
 
* Sections with mandatory credits 
  
Ceequal; the Sustainability Assessment and Awards Scheme for Civil Engineering, is run 
through a limited company with CIRIA and Crane Environmental arejointly contracted as 
scheme managers. Ceequal is supported by the Institution of Civil Engineers (ICE); the Civil 
Engineering Contractor’s Association (CECA), the Association for Consulting and 
Engineering (ACE) and shareholders since its inception in 1999. The most recent version of 
Ceequal is version 5 (August 2012) and has gained widespread recognition in the UK over the 
past 10 years (Greeman, 2009). The Ceequal scheme was developed to enhance the 
environmental and social performance of civil engineering projects to give clients, designers 
and contractors an incentive to adopt and improve upon best practise. Previous versions of 
Ceequal could not be viewed as sustainability assessment schemes whereas the recently 
launched version 5 is certainly such a scheme. Ceequal is a points based system and asks 
questions over twelve sections; the weighted points are embedded within the questions so that 
the overall score falls into a standard percentage. Some questions can be scoped out where the 
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question is not relevant to the project. The four grades of award are Pass (30%), Good (40%), 
Very Good (60%) and Excellent (75%). The twelve sections and associated weightings for 
civil engineering projects are shown in Table 2.2 overleaf. 
These schemes are reviewed and updated regularly. BREEAM 2008 was released just before 
this EngD started and sooner after in the same year Ceequal version 4.0 was released, an 
important change in both schemes for materials assessment was the inclusion of a responsible 
sourcing credit/question (BREEAM uses credits and Ceequal uses questions) which will be 
discussed later in this section. In June 2011 BREAAM 2011 was released and Ceequal 
Version 5 was released in August 2012.  
 
Table 2.2 Ceequal V4 2008 weightings 
Ceequal Section Weightings (%) 
Project Management 10.9 
Land Use 7.9 
Landscape 7.4 
Ecology & Biodiversity 8.8 
The Historic Environment 6.7 
Water Resources & the Water Environment 8.5 
Energy & Carbon 9.5 
Material Use 9.4 
Waste Management 8.4 
Transport 8.1 
Effects on Neighbours 7.0 
Relations with the Local Community and other Stakeholders 7.4 
 
Materials are addressed in both schemes and are generally one of the more significant sections 
(by weight of points/credits); BREEAM (12.5%) (BREEAM, 2008); Ceequal (9.4%) 
(Ceequal, 2008). The credits or questions in these two schemes for materials assessment 
differ; BREEAM (2011 version) covers: 
• Mat 1 - Environmental Impacts 
• Mat 2 - Hard Landscaping 
• Mat 3 - Responsible Sourcing 
• Mat 4 - Insulation 
• Mat 5 - Designing for Robustness 
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In Ceequal Version 5 the new Physical Resources section now includes the previous materials 
questions which covers: 
• Resource Efficiency 
• Embodied Impacts 
• Design for Resource Efficiency 
• Design for reduced energy consumption and carbon emissions in use 
• Energy and carbon performance on site 
• Water Use 
• Responsible sourcing, re-use and recycling of materials 
• Minimising use and impacts of hazardous materials 
• Site Waste Management Planning & Legal Compliance 
• Wastes and Management of Arisings 
Both schemes have given more recognition to the concept of responsible sourcing (as well as 
a number of other changes not directly relevant to this EngD). Ceequal Version 5 in particular 
has seen the merging of the waste and materials sections to create a physical resources 
section. 
2.3.2 LIFE CYCLE ASSESSMENT 
Life Cycle Assessment (LCA) was initially developed in the late 1960s and early 1970s. It has 
become a recognised tool for the assessment of environmental impacts associated to a wide 
range of applications from selecting waste treatment methods (Koehler, 2008) to traffic 
disruption (Huang, 2009) in highway projects.  A great deal of LCA work has been done in 
relation to all aspects of civil infrastructure ranging from mobile communications 
(Emmenegger, 1998) to roadways (Stripple, 2001). Most assessments are carried out using 
dedicated software packages by expert practitioners and it remains a relatively specialist field 
(Ghumra et al, 2009). The term ‘Cradle to Grave’ approach is often used to define the life 
cycle in LCA, other definitions of the ‘life’ include ‘Cradle to Cradle’ and ‘Cradle to Gate’. 
Procedures of LCA are harmonised in the ISO14040 series which itself sits within the widely 
applied ISO14000 series of environmental management standardsThe stages of LCA as 
identified in ISO14040 are shown in Figure 2.1. 
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Figure 2.1 Life Cycle Assessment Framework (based on ISO 14040:2006) 
The boundary setting (Goal and Scope) is the first stage of the LCA process, the functional 
unit (e.g. m2 of product for a given use) or declared unit (km) is agreed upon and the 
inventory is analysed before the impacts are assessed. There is an ongoing aspect of 
interpretation that makes LCA an iterative process to allow the review of the process model at 
each stage.  
The use of Life Cycle Assessment (LCA) is clear in a number of the materials credits in 
BREEAM. The Environmental Profiles (BRE, 1998) methodology was created by BRE and 
the outputs of these assessments are published in the Green Guide to Specification (Anderson 
et al, 2009). The outputs of an LCA are often referred to as Environmental Product 
Declarations (EPD) which can range from certified labels such as carbon footprints (ISO 
14024), self declarations (ISO 14021) or full LCA studies (ISO 14025). There are also 
international standards relating to the process steps to conduct an LCA (ISO 14044, ISO 
14040). An equivalent repository of LCA information to support Ceequal does not exist 
although separate LCA studies have been carried out for infrastructure construction assets 
such as roads (Huang et al, 2009; Stripple, 2002) and bridges (Steele et al, 2003).  
In 2008 the European Standards body (CEN) mandated a project entitled M350 for the 
Sustainability of Construction Works a similarly titled technical committee (TC 350) was 
subsequently formed to harmonise building level sustainability assessment standards across 
Europe. There are many standards that form part of this (TC 350) project; the one most 
relevant to this research is BS EN 15804 (2012), which is about the LCA of construction 
products at a generic level. A sector needs to interpret this standard and create specific 
product category rules (PCR), so that the guidance for the LCA for a particular product group 
would be set. Any sustainability assessment framework needs to be conscious of this 
development as there is likely to be an increasing requirement for EPDs and LCA studies 
from construction clients, contractors and specifiers.  
Interp
retatio
n
 
Goal and Scope Definition 
Inventory Analysis 
Impact Assessment 
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2.3.3 RESPONSIBLE SOURCING 
Responsible Sourcing has emerged as a relatively new topic for construction products. The 
first reference to responsible sourcing emerged from the requirements of BREEAM 2008 and 
the Olympic Delivery Authority requirements for the London 2012 Olympic Games. The 
BRE were the first to publish a standard entitled BES 6001: Framework Standard for the 
Responsible Sourcing of Construction Products followed by BSI in 2009 with BS 8902 
(2009): Responsible sourcing sector certification schemes for construction products. The BRE 
standard has become the most widely used responsible sourcing standard with over 50 
organisations (BRE GreenBookLive, 2010) having become certificated in the past 4 years, in 
comparison only one sector has sought to implement BS 8902. This is perhaps due to the 
direct benefit and competitive advantage for individual organisations in becoming certificated 
to the BES 6001 standard which has direct links and references in BREEAM and Ceequal as 
identified earlier. The BES 6001 standard assesses the construction product and the upward 
supply chain (i.e. the source of the constituent materials) which for concrete (the majority) 
would be the aggregates and cementitious materials. The BES 6001 standard is standards 
focused where organisations with certification to the leading global management systems for 
quality (ISO 9001, 2008); environment (ISO 14001, 2004) and health and safety (OHSAS 
18001, 2007) perform better in the assessment. Assessment is a points based process where 
higher scores translate to higher assessment ratings. Aggregate Industries was the first 
company to be certificated to the BES 6001 standard and at the start of 2012 became the first 
company to achieve an Excellent rating across the major product groups of aggregates, 
asphalt, ready-mixed concrete, precast concrete and cementitious materials (Aggregate 
Industries, 2012).  
Responsible Sourcing (BES 6001) seeks to address the organisational, supply chain and a 
number of social and environmental issues for a construction products manufacturer. 
Certification to this standard has two benefits: 
1. Direct route to potential points within BREEAM 
2. Brand association value with a product stewardship scheme 
However uptake has been gradually improving in construction product sectors outside of 
aggregates and concrete (which has the most significant market coverage to date of any 
product group, TCC, 2011). There is an emerging link between the parameters within this 
(BES 6001) responsible sourcing standard and that of EPDS (Glass, 2012); Professor Glass at 
Loughborough University is also the project director for the APRES network (Action 
Programme on Responsible Sourcing) which seeks to further the development of responsible 
sourcing within the construction sector. This EngD focuses on product assessment, but draws 
upon the extant knowledge and ongoing research surrounding LCA, EPDS and responsible 
sourcing.  
2.3.4 SUSTAINABLE USE OF MATERIALS AND STRATEGY 
During the period of the EngD BSI published BS 8903 (2010) Principles and framework for 
procuring sustainably and BS 8905 (2011) Framework for the assessment of the sustainable 
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use of materials. Sustainable procurement is becoming more linked to issues like responsible 
sourcing and concepts like product stewardship and becoming more associated with EPD 
(Skaar & Fet, 2012). The BS 8905 standard was a key document that the author was directly 
involved which helped to form part of the EngD methodology for the development of the 
framework (see chapter 4 section 4.4). The BS 8905 standard covers consideration of: 
a) the social, economic and environmental aspects throughout the material lifecycle 
b) how to balance these aspects against stakeholder priorities in terms of sustainable 
development; 
c) guidance on the use of decision support tools to assess the relative sustainability of material 
choice 
d) the importance of data quality when carrying out a sustainability assessment 
The BS 8905 framework could be used as part of a broader product assessment strategy. The 
UK concrete sector (in particularly the precast concrete sector) has been at the forefront of 
sustainable strategy development for over 4 years. This has stemmed from a series of doctoral 
research projects linked to each other (Elhag, 2008; Holton, 2010). As a member of the 
British Precast Concrete Federation (BPCF) Aggregate Industries has seen the value of a 
sector strategy for sustainability which complements its own approach to sustainability.  
The Sustainable Concrete Forum was established in 2008 and has been producing an annual 
sustainability report for the sector for four years. In this time the sector has made considerable 
progress in areas such as responsible sourcing and carbon reduction (Sustainable Concrete 
Forum 2011 Report, 2011). The Sustainable Concrete Forum is primarily concerned with 
reporting data and providing technical and marketing support for the greater use of concrete.  
2.4 FUTURE DEVELOPMENTS 
There are also a number of initiatives underway which are relevant to this study as outlined 
below: 
• The widely recognised globally accepted standard for environmental management ISO 
14001 will be updated in 2013 (IEMA, 2012), consultations have already taken place 
with leading stakeholder groups. It is likely that the new ISO 14001 will have a more 
strategic emphasis and acknowledge the growing interest in EPDS/LCA. 
• The Construction Products Directive has been replaced by the Construction Products 
Regulation and there is a new regulation relating to the Sustainable Use of Natural 
Resources under the heading of Basic Requirement of Construction Works 7 (CPA, 
2011). This will come into effect on 1st July 2013 in the UK and CE marking will 
become mandatory for a number of products.  
• The EU resource efficiency roadmap was published in 2011 which presented a series 
of scenarios for the future of the EU (EU Resource Efficiency Roadmap, 2012). A 
number of key resource areas such as waste, water and energy were considered. This 
roadmap is an admirable piece of work but it remains to be seen how any binding 
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legislation will be developed on this basis. At the time of writing this policy was in 
consultation.  
• The Building Regulations Part L (Heating and Ventilation) will be revised and 
updated in 2013 and again in 2016 (DCLG, 2012). This will see an increasing focus 
on the efficiency of the building fabric which will mean more emphasis on the major 
construction materials like concrete.  
• BREEAM and Ceequal will be updated again in the next few years and the next 
version of the BES 6001 Responsible Sourcing standard is being developed in late 
2012. The British Standards Institution will also be reviewing how the BS 8900 series 
of sustainability standards work and which areas require new standards. 
• The UK concrete sector is formulating a generic concrete EPD but this is likely to wait 
until a consensus emerges from the European level associations like Cembrueau 
(European Cement Association), ERMCo (European Ready-mixed Concrete 
Association) and BIBM (European Precast Concrete Association) (Private 
correspondence with MPA, 2012).  
• The Low Impact Materials and Innovative Engineering solutions research network 
(LimesNet) is working to create a multi disciplinary community of leading academic 
researchers, industry members and other stakeholders who share a common view to 
wards developing low impact materials and solutions.  
2.5 GAP ANALYSIS 
This literature review and update on industry activities has shown that there is a need for a 
more holistic approach to sustainability assessment at the construction product level. In 
particular the sustainability assessment of concrete has been focused on single metrics with 
little appreciation of the broader sustainability issues. Some of the academic research has 
presented methods which aim to aid the ‘decision making process’ which seems targeted at 
the installers and designers of products rather than manufacturers. The key gaps in research 
are related to the following four areas: 
• Lack of awareness of the relationships between materials assessment and project 
assessment 
• LCA is only used for environmental impacts, social and economic aspects have been 
included in some work but not all three simultaneously 
• Single metric focus in some cases only show some of the impacts 
• Approaches that are very focussed on the end user/installer – manufacturer emphasis 
is not apparent. 
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2.6 SUMMARY 
This chapter has discussed a number of issues relevant to this EngD. There are a number of 
interlinking issues in sustainability and it is often challenging to neatly compartmentalise 
individual themes/initiatives. Sustainability rating schemes like BREEAM and Ceequal are 
becoming more widely used. Responsible sourcing has emerged as a new topic during the 
course of the EngD a topic which the UK concrete industry has excelled in certification. Life 
cycle assessment has been identified as a key tool used by many to assess the environmental 
impacts of products; there are attempts to extend this approach into social and economic 
issues. There is still some uncertainty about the comparability of such approaches and the ease 
by which the construction sector could embrace such tools.  Sustainable concrete has many 
interpretations from simply including cement substitutes to using recycled aggregates but 
there is a focus on reducing embodied carbon. Incorporating a wide range of sustainability 
issues in a single assessment framework will require a pluralistic approach and challenge the 
often perceived objectivist approach that construction research is stereotyped as. 
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3 RESEARCH METHODOLOGY 
3.1 INTRODUCTION 
This chapter presents the methodological considerations and philosophical position of the 
research and importantly sets out how the specific research objectives align to the different 
methods employed in the research. The qualitative needs of the research are explained in 
context of the quantitative aspects of the work. A range of research methods were identified 
and selected for particular objectives these included a literature review, interviews, a survey, 
field testing and a focus group.  
Research itself “’can be considered to be a ‘voyage of discovery’”, whether anything is 
discovered or not. What is discovered depends on the pattern and techniques of searching, the 
location and subject material investigated and the analyses carried out,” Fellows and Liu 
(2003). The actual contribution to knowledge is documented in Chapter 5 along with the 
meaning of the ‘discovery’ for the industrial sponsors and wider industry. Whilst often 
overlooked in industrial/business projects the methodological considerations have a 
fundamental role in establishing the results and more importantly - what they actually mean 
are also included.  
3.2 METHODOLOGICAL ISSUES 
This section covers the philosophical position of the research and how the methodology was 
developed. It has been presented in this way to bring clarity between the detailed 
methodological understanding and the practical methods used. 
3.2.1 METHODOLOGICAL CONSIDERATIONS 
Ontology and epistemology of research methodology stems from two different perspectives 
on the world. Ontology is either based on objectivism or constructivism, either being based on 
the facts present before someone or the evidence is based on where the person stands 
(metaphorically). Epistemologically-speaking objectivism is tied to positivism and 
constructivism linked to interpretivism; hence the natural divide between natural science 
(numbers, laws etc) and social sciences (human behaviour, emotion etc).  Construction 
research has traditionally been associated with an objectivist positivist paradigm where the 
majority of the research is of a quantitative nature (lab tests etc). Having said this 
“Construction management is a relatively new field which draws from both the natural and 
social sciences. As such, many different theories of knowledge or paradigms compete for 
methodological primacy” (Knight and Ruddock, 2008, Ch.1, pp1, Dainty, A).  
Quantitative research “has traditionally been associated to empirical studies that have focused 
around the natural sciences” (Fellows and Liu, 2003, pp 28) and qualitative studies employ 
such methods such as participant observation (Bryman, 1988).  
Which paradigm to adopt for this research comes from the very nature of sustainability 
assessment itself. The work of Gasparatos et al (2009) argues the case for methodological 
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pluralism. Individual metrics related to sustainability assessment (carbon footprint, 
acidification etc) are quantitative and tied to a more objectivist positivist approach which is 
perfectly valid, however, when these individual metrics are aggregated in to a sustainability 
index or assessment score then the interpretation of the result is no longer so quantitative 
which makes comparisons more subjective and therefore qualitative (and therefore we move 
towards a constructivist interpretivist paradigm).  
Against this methodological backdrop it was clear that a ‘mixed methods’ approach would be 
well suited to the research. This approach is sometimes termed ‘triangulation’ whereby the 
strengths of both the quantitative and qualitative approaches are combined to provide a more 
substantial and relevant research paradigm within in which to work (Fellows and Liu, 2003).  
Understanding one’s own methodological bias also helps to acknowledge any potential 
conflict of interests. The author is rationally objective but also believes in the value and 
‘enrichment’ that can be added from an interpretivist perspective. Understanding the 
paradigm is fundamentally important to be able to identify the best methods for each of the 4 
main objectives outlined in Table 3.1 below. 
 
Table 3.1 Objectives aligned with methods and outputs 
Research Objectives Research Areas 
/Work Packages  
Methods Outputs 
Objective 1:  
Understand how assessment 
schemes like BREEAM and 
Ceequal assess materials 
BREEAM 
Ceequal 
Responsible Sourcing 
Green Guide to Specification 
Literature 
review 
EngD Short Project 
Paper 1 
Objective 2:  
Identify the key drivers for 
materials selection for 
industry 
Life Cycle Assessment 
Sustainability  
Interviews Conference Paper (not 
included in appendix) 
Objective 3:  
Develop the framework and 
derive empirical weightings 
Sustainability issues – linking 
Validation of weightings 
Survey Paper 2  
Paper 3 
Objective 4:  
Test, validate and review the 
framework 
Assessment of 10 Ready-mixed 
Concrete units in London 
Assessment of Ready-mixed 
Concrete in Canada 
Field testing 
 
Focus group 
Paper 4 
Paper 5 
Focus Group findings 
Objective 1 is related to the main literature review (Chapter 2) the undertaking of which gave 
the research clear focus on the research need for and ultimate use of the assessment 
framework. The literature review is the cornerstone of most research; identifying the gap in 
existing research and being able to critique the work of others (and later your own) is 
important to show mastery of the subject. Alongside the literature review an analytical 
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assessment of material section scores was conducted in the leading sustainability assessment 
schemes used in UK construction namely BREEAM and Ceequal; this being a more 
quantitative exercise.  Figure 3.1 is repeated from Chapter 1 to show how the research 
objectives align to the work packages and the specific research methods.  
 
Figure 3.1 Research Map linking the objectives to EngD outputs 
Having established the knowledge base it was then necessary to gather some primary data 
from industry stakeholders. This was achieved through a series of semi-structured interviews 
which gave some flexibility to the range of discussion within set discursive limits. The key 
topics of examination for objective 2 were life cycle assessment and sustainability and how 
these issues were important when selecting/considering material choices in particular 
construction projects.  
Developing the framework was possible following the completion of objectives 1 and 2. The 
outputs of these previous work packages fed directly into the development of the framework 
which was the third objective. The stakeholder assessment of the sustainability issues 
consisted of a survey which delivered the empirical weightings for the sustainability issues 
within the framework. The formulation of sustainability issues was very qualitative whereas 
the empirically derived weightings were a straightforward numerical exercise.  
There were three aspects to objective 4 for the testing, validation and review of the 
framework. The testing took place within 10 UK ready-mixed concrete plants and the 
validation (in an international context) was to compare the UK performance of the framework 
against a Canadian ready-mixed concrete operation. Both of these were relatively straight 
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forward quantitative exercises. The review process took place in a focus group environment 
where over 25 industry stakeholders gave valuable feedback on the structure and process of 
the assessment framework. 
The ranges of methods adopted are explained in more detail in section 3.3 but it is worth 
highlighting the key overarching approach in this research. 
3.2.2 METHODOLOGY DEVELOPMENT 
According to Bell (1993) there are five main research styles; action, ethnographic, surveys, 
case study and experimental. As explained in the previous section this research will require a 
mixed methods approach and will sit (metaphorically) in the middle of the continuum 
between a positivist and an interpretivist paradigm. Such an approach (and indeed the subject 
of the research) means that research styles such as experimental and ethnographic approaches 
are immediately excluded from the methodology development.  
Action research is related to change (or action) led from the inquiry (or research) (Denzin & 
Lincoln, 2000).This approach is an iterative process where ‘plan, act, observe, reflect’ can be 
part of a cyclical methodology (Holton, 2008). In Chapter 1 it was presented that 
organisations seek competitive advantage from sustainability (Schroeder & Robinson, 2010) 
and that this EngD will help to develop that organisation learning and feed into future strategy 
and so whilst not iterative, action research does have a place in the methodological approach 
for this research. In order for this to take place the outputs of the EngD would need to be fed 
back into a similar process of review and planning with a clearer strategic aim. Dunphy et al 
(2003) suggest a number of pathways to sustainability for organisations; incremental change 
being one such approach. This research is intended to lead the industrial sponsor to an 
‘evolution’ of thinking and approach to product sustainability rather than being something 
‘revolutionary’.  
Surveys cover a range of methods; these include, the literature review, questionnaires, 
workshops and interviews. Table 3.1 has shown that a number of these methods will be used 
in the research however the entire EngD is not a survey research project, the results of 
implementing these methods will produce the desired research outputs.  
Experimental research is traditionally a quantitative process where the inductive nature of the 
problem lends itself to traditional laboratory based research such as the completed EngD of 
Jonathan Paul Edwards (2007) which investigated ‘Laboratory characteristics of pavement 
foundation materials’. There is an element of testing the framework both in the UK and in an 
international context to check the validity of the approach i.e. does it give sensible answers? 
However what is deemed ‘sensible’ is also highly questionable and subjective to the inherent 
bias of the author and therefore not truly an experimental approach. 
The only clear solution to this is a ‘pragmatic’ approach as espoused by Patton (2003) but 
interestingly not as well referenced in the works of Silverman (2003); Denzin & Lincoln 
(2000) or Fellows and Liu (2003).  Cresswell (2009) describes pragmatism as being aligned to 
a mixed methods approach which “is not committed to any one system of philosophy” and as 
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an approach where “researchers have a freedom of choice… researchers are free to choose the 
methods, techniques and procedures of research that best meet their needs and purposes”.  
Therefore this EngD research uses a pragmatic mixed methods approach drawing upon both 
action research and survey research for the methods adopted.  
Another methodological consideration that needs to be addressed here is of the development 
of the assessment framework itself. Singh et al (2012) present a good overview of the wide 
range of sustainability assessment methodologies which are collections of individual metrics 
or an aggregated sustainability index of some description. A range of well established 
methods exist for assessing products and services; some are more well recognised than others 
and a number have not stemmed from an environmental aspect (e.g. cost-benefit analysis). 
Ness et al (2007) conclude that there appears to be a paradoxical situation where some 
practitioners are seeking a more detailed assessment while others are asking for a broader, 
more holistic approach (Jeswani et al, 2010). The use of an empirically derived indicator set 
(Fernandez-Sanchez & Rodrigiez-Lopez, 2010; Wallbaum et al, 2012) or a cumulative effect 
approach (Senner, 2011) have also been used in the sustainability assessment context to 
support decision making. 
Some previous research has advocated the use of the Analytic Hierarchy Process (AHP) as the 
multi-criteria support tool; this has not been identified as a method for this research however 
it has been applied to similar sustainability assessment systems (Henry & Kato, 2011; Sarkis 
et al, 2012). The developed assessment framework for this EngD is primarily an internal 
benchmarking approach for the industrial organisation, it is not intended to be used as part of 
an external decision making process as is often the intention of such multi-variant approaches 
(Elghali et al, 2008; Steele et al, 2002).   
The underlying methodological context revolves around whether a reductionist approach i.e. 
looking at single indicators is better than amalgamating the indicators on some way. 
Gasparatos et al (2009) argue “against such a reductionist approach for measuring sustainable 
development and the need for methodological pluralism”.  This position is further supported 
by Adetunji et al (2003) and Ozdemir et al (2011) go further to say that the indicator set 
approach does not give any support to trade off indicators against one another. There are 
however a multitude of research papers on single metric issues (Van den Heede & De Belie, 
2012; Goggins et al, 2010; Pulselli et al, 2008).  
Therefore a key point of discussion relating to the assessment framework being developed 
will be the value of the individual metrics against the comparative outputs; i.e. how useful is 
methodological pluralism in this particular sustainability assessment framework. 
3.3 ADOPTED RESEARCH METHODS, TASKS AND OBJECTIVES 
3.3.1 LITERATURE REVIEW 
The literature review is the initial piece of the research and the one that fundamentally helps 
to shape the work in terms of content and scope. The literature review for this research was 
presented in chapter 2 but also in the five papers presented in the Appendices. This was 
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placed early on in the thesis as it allowed for the EngD to crystallise itself before more detail 
could be applied to the objectives and therefore the research methods identified.  
A literature review is used in all studies regardless of type (Creswell, 2009) however 
quantitative studies will tend to have larger sections devoted to this part of the research (due 
to its more deductive nature). The literature review presented earlier focused on the following 
areas/deliverables: 
• Presenting a summary of the leading sustainability assessment schemes in the UK 
construction sector 
• Acknowledging the growing interest in Life Cycle Assessment, Environmental 
Product Declarations, Responsible Sourcing and Product Stewardship 
• Giving a ‘state of the art’ review of the differing approaches to sustainability 
assessment 
• Identifying the gap in existing research for a sustainability assessment framework for 
ready-mixed concrete that is focused on the organisational benefits rather than external 
stakeholders such as contractors and engineers 
The literature review gave the opportunity to reflect and critique previous academic research 
relevant to this EngD. By comparing different approaches by other academics it is possible to 
further refine one’s own research and identify research methods that are suitable whilst 
acknowledging that there are many methods that could be used for a given task. The literature 
review was largely conducted on previous academic journal publications primarily published 
within the last four years although older papers have been included if they present a strong 
argument e.g. Ball (1993). The outcome of the literature review strengthens the research 
justification and identifies the gap in research that this EngD is seeking to fill. 
3.3.2 INTERVIEWS 
There are various types of interview that can be conducted; these can be structured, semi-
structured and unstructured (Fellows and Liu, 2003). The structured approach gives a great 
deal of control to the interviewer, but prevents digressions no matter how relevant they may 
be to the research. Unstructured interviews tend to be more conversational in nature and can 
offer a great deal of insight into areas that may have been overlooked in the preparation for 
the interview, however without a structure of some description it can make analysis difficult. 
The semi-structured approach was considered to be the best solution for this research; this 
gave some structure, but still permitted controlled digression and an anchor for the key themes 
that needed to be addressed.  
A guide was produced for the interview along with a covering letter briefly explaining the 
purpose of the research (Appendix G) both of these were accompanied by an informed 
consent form to comply with the University regulations on data protection and confidentiality. 
A series of semi-structured interviews were carried out with a range of 25 industry 
stakeholders. The three key areas of discussion related to: 
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1. What are the sustainability factors for maintenance and construction?  
2. What are the issues relating to materials selection; what are the current and future 
drivers assessed during specification and procurement? 
3. What are the key issues relating to Life cycle assessment based tools for materials 
selection? 
Qualitative studies do not have to adhere to a range of specific analytical techniques as is the 
case with more quantitative research (Fellows and Liu, 2003). Data gathered is in a very 
discursive form there is a degree of flexibility with regard to the approach for analysis, 
possible methods include coding, conversation analysis and clustering (Miles and Huberman, 
1994). Coding consists of segregating each element of the transcript to facilitate the 
referencing of these elements and the relationships between these elements however this is 
usually done with a dedicated software programme (Silverman, 1993). Conversation analysis 
relies on a detailed transcript that encompasses the non verbal communication as well, this 
requires a great deal of time to transcribe accurately and is very onerous with larger samples 
with multiple criteria to analyse. Clustering takes key points and words from the transcript to 
group or ‘cluster’ the responses, some clusters may form part of a broader consensus but some 
can be identified as the ‘outliers’ or extreme cases (Miles and Huberman, 1994). The 
clustering method was used to group responses against key topics.  
Interviews of this nature helped to shape the research early on; the questions were conveyed 
so that the answers could provide further insight into the research area and therefore help to 
define future work packages. The output was a hierarchy of drivers which was then used as 
part of the framework development which is shown in section 4.3.3; Figure 4.4. While 
simplistic in appearance the hierarchy of drivers identified a range of key sustainability issues 
that were deemed important by the stakeholder group.  
3.3.3 SURVEY 
Surveys are a method of statistical sampling (Fellows and Liu, 2003) because covering an 
entire population is rarely possible. The challenge with this type of approach is achieving a 
balance between the ‘breadth and depth’ (Fellows and Liu, 2003) of the survey.  
The term survey covers a number of different research methods; for the purposes of this stage 
of the research a questionnaire was required to derive weightings for each of the sustainability 
issues within the assessment framework.  
Once the sustainability issues had been identified it was necessary to conduct a weighting 
exercise with employees of Aggregate Industries. Not all sustainability issues are of equal 
significance (depending on the product, who the assessment is for etc); introducing a 
weighting aspect allows for these differences to be acknowledged in the assessment process. 
In order to avoid product specific bias the survey was circulated to the central services 
functions e.g. Human Resources, Marketing and others. This research is focused on ready-
mixed concrete but the sustainability issues had been derived from a non-product specific 
basis i.e. durability in the generic sense rather than early strength gain of the concrete. The 
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sustainability issues needed to be considered primarily from the position of Aggregate 
Industries and not external stakeholders (although this could be carried out as further 
research).  
The survey was conducted on-line and structured such that the weightings were assessed in 
groups; i.e. social, environmental and economic issues were grouped separately so that there 
would be an even split between social, environmental and economic issues.  
The reliability and validity of data are of great significance; the structures of the closed 
questions were deliberately scaled at 10% increments so that a quantitative weighting could 
be made which would give more reliable results. An example of the question for social issues 
is shown in Table 3.2 for clarity. 
 
Table 3.2 Example of the social issue question 
 
Social Indicators 10% 20% 30% 40% 50% 60% 70% 80% 90% 
Durability/Longevity          
Product Properties          
Mode of Delivery          
Employment & Skills          
Community Engagement          
 
Each sustainability issue was grouped under either a social, environmental or economic 
heading; the example above shows the ‘social indicator’ table by way of illustration. The 
participants then had to weight each issue within that group so that the sum was 100%; no 
issue could be excluded i.e. scored as 0 or chosen in isolation i.e. scored as 100%. 
Weighting sustainability issues is commonplace within sustainability assessment rating 
schemes such as BREEAM and Ceequal as described in Chapter 2. The LCA standards 
themselves (ISO 14040, 1997) do not advocate weightings within LCA studies but it is 
accepted as a practise to allow for more meaningful aggregated outputs cf BRE Green Guide 
to Specification (Anderson et al, 2009). The issues were only weighted on the basis of relative 
significance, i.e is durability more important that community engagement etc. These 
weightings were then used to derive the maximum question score within the assessment 
framework.  
3.3.4 FOCUS GROUP 
The term ‘focus group’ was coined by Merton et al (1956) referenced in Denzin & Lincoln 
(2000) whereby the researcher asks a group of relevant people about the research that has 
been conducted. The aim of holding a focus group was to review the approach taken in the 
development of the assessment framework and to seek feedback on areas for further 
improvement/development.  
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Frey and Fontana (1991) describe focus groups as having a formal setting in a directive and 
structured format with a view to exploring a range of points. The focus group was directed at 
25 leading industry experts in the field of sustainable construction to discuss three key areas: 
• The approach (methodology) of the framework 
• The sustainability issues 
• The value to Aggregate Industries of this approach 
Denzin & Lincoln (2000) outline the benefits of such a method as “stimulating for 
respondents” and “produce rich data that are cumulative and elaborative” however there is 
also a risk that “groupthink” can emerge and where the “results are difficult to generalise”.   
This particular research method will be fundamental in reviewing the framework and helping 
to consider further opportunities for research either directly or indirectly related to this EngD. 
The 25 industry stakeholders were selected from a list of relevant industry contacts which had 
grown since the start of the EngD in 2008, many of whom were both aware of the research 
and the general subject area. Comments collated from the focus group will also be discussed 
against general themes arising from previous literature discussed in Chapter 2. 
3.4 SUMMARY 
This chapter has presented the methodological position of the EngD which takes a pragmatist 
approach; closely linked to action research which draws necessary and relevant methods from 
both qualitative and quantitative approaches. The methods chosen to conduct this research 
have been based on a literature review, interviews, a survey and a focus group. The individual 
work packages have been aligned to the research objectives and the methods used to meet 
these objectives explained. A brief overview of each research method has been presented 
which underpin the research undertaken presented in the next chapter.  
DEVELOPING A SUSTAINABILITY ASSESSMENT FRAMEWORK FOR READY-
MIXED CONCRETE 
 
34 
4 THE RESEARCH UNDERTAKEN: DEVELOPING THE 
ASSESSMENT FRAMEWORK 
4.1 INTRODUCTION 
This chapter will present the research undertaken over the four year EngD. One of the 
requirements of the EngD is the publication of research papers in appropriate conferences and 
journals. These outputs are presented in the appendices and give the reader more detailed 
information about each particular work package. Three conference papers and two journal 
papers are provided to complement the content of this chapter and are referenced and linked 
to the related work package and research objective. This chapter summarises the key 
conclusions of each work package to aid clarity and closes with a summary of the research 
undertaken and how the objectives have been met. 
4.2 MATERIALS ASSESSMENT IN CEEQUAL AND BREEAM 
Objective 1 was to understand how assessment schemes like BREEAM and Ceequal assess 
materials. This section will outline how the materials sections of BREEAM and Ceequal are 
constructed and present the methods used in the analysis of the project data. The results from 
the research are presented along with the discussion prior to some conclusions being 
summarised at the end.  The first journal paper (Appendix B) offers more detail on the 
analysis of the Ceequal data for transport related projects. 
4.2.1 BREEAM 
BREEAM (2008) awards credits as recognition for compliance with the assessment criteria. 
Table 4.1 below shows the breakdown of the materials section including the material issue, 
the maximum number of credits available and a brief description of the issue.  
Table 4.1 BREEAM (2008) materials section breakdown 
Material Issue Max.  Credits  Description 
Mat 1 – Materials 
Specification 6* 
To recognise and encourage the use of construction materials with a low 
impact over the full life cycle of the building 
Mat 2 – Hard 
Landscaping/Boundary 1 
To recognise and encourage the specification of materials for boundary 
protection and hard surfaces that have a low environmental impact 
Mat 3 – Façade 1 To recognise and encourage the in-situ reuse of existing building facades 
Mat 4 – Re-use of 
Structure 1 
To recognise and encourage the reuse of existing structures that previously 
occupied the site 
Mat 5 – Responsible 
Sourcing 3* 
To recognise and encourage the specification of responsibly sourced 
materials for key building elements 
Mat 6 – Insulation 2 
To recognise and encourage the use of thermal insulation which has a low 
embodied environmental impact relative to its thermal properties and has 
been responsibly sourced 
Mat 7 – Designing for 
Robustness 1 
To recognise and encourage adequate protection of exposed parts of the 
building and landscape, therefore minimising the frequency of use of 
replacement materials. 
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*Mat 1 - The maximum possible credits is 6 for BREEAM Healthcare, Offices and Education 
and 4 for other schemes. Fit out assessments can only score a maximum of 2 credits; similarly 
for Mat 5 fit outs can only score 2 credits and not 3.  
 
None of the credits identified in Table 4.1 form part of the minimum standards and hence no 
material issue is mandatory for any rating; these credits are deemed ‘tradable’ or optional.  
4.2.2 CEEQUAL 
Ceequal awards points for each question. These points are pre-weighted so that on first 
appearances the number of points being assigned to a question can seem arbitrary. Due to the 
different approach taken by Ceequal compared to BREEAM there are 26 questions in this 
section in Ceequal against 7 in BREEAM; as such the question set is summarised. Table 4.2 
shows the breakdown of the materials section including the material question, whether the 
question can be scoped out (SO) or not and a brief description of the issue along with the 
maximum number of points applicable adapted from the Ceequal manual (version 4) for 
brevity. 
 
Table 4.2 Ceequal (version 4) materials section breakdown 
Material Question SO  Description and (Maximum Points Available) 
Basic Principles (8.1)  Was a materials use plan drawn up? (6) 
Was this plan implemented? (12) 
Minimising materials use 
and waste (8.2) 
/ 
Have prefabricated units been considered on the basis of 
environmental benefit? (6) then implemented? (6) 
Has any cut and fill been optimised at design stage? (4) 
Reuse of excavated material (10) 
Separation, storage and reuse of topsoil (8) 
Storage to avoid waste (8) 
Responsible Sourcing of 
Materials (8.3)  
Has the responsible sourcing of materials been considered prior 
to placing the order? (4) Specified? (8) 
Have locally sourced materials been considered? (12) 
Timber (8.4)  FSC or otherwise of permanent/temp work timber use (24) 
Using re-used and/or 
recycled materials (8.5) 
/ Retaining existing structures? (6) What percentage by volume of materials specified made from 
reclaimed or recycled material? (24) 
Minimising use and 
impacts of hazardous 
materials (8.6) 
/ 
Have all coatings and treatments for permanent work materials 
been factory applied? (4) Low VOC (6) 
Can use of the specified coatings and other treatments be 
demonstrated? (4) COSHH assessments in SEMP? (6) 
Durability & Maintenance 
(8.7) 
/ Is there evidence that durability and low/long term maintenance 
have been considered during design? (6) (4) 
Future de-construction or 
disassembly (8.8) 
/ Has the client actively included design for disassembly and/or de-construction in the brief? (6) Percentage of recyclable 
components? (12) Materials register? (4) 
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4.2.3 METHODOLOGY 
As already described in Chapter 3 this EngD uses both qualitative and quantitative research 
methods. The first work package follows in this research paradigm by conducting an appraisal 
of the key issues referenced in both BREEAM and Ceequal for materials assessment and then 
conducts a statistical analysis of the actual project scores and whether these correlate to 
material section scores. By plotting the overall project score (%) against the each section 
score (%) any trends could be identified; a statistical analysis to arrive at a linear correlation 
coefficient will be applied to the data to get a least squares regression coefficient (R2 value), 
this can then be used to compare the materials assessment performance in BREEAM and 
Ceequal. A more detailed investigation into the average scores for each credit/question is also 
reviewed. Due to the specific nature of both BREEAM and Ceequal assessments it is first 
necessary to understand the different project types present in both sample sets.  
There is a suite of BREEAM schemes to suit many different types of buildings. The total 
number of BREEAM assessments (2008 version, assessed between October 2008 and 
February 2010) completed for Health, Retail, Bespoke; Offices; Education and Industrial was 
48. Six assessments were not accessible during the visits to the BRE archive hence the sample 
size is 87.5%. Of the 42 collected one project had an interim assessment and a separate whole 
project assessment (only one of these was recorded); four further interim assessments were 
excluded from the calculations and the analysis; thereby the total number of assessments 
analysed was 37. Figure 4.1 shows the breakdown of the assessments in the sample.  
14%
3%
8%
46%
5%
24%
Health
Retail
Bespoke
Offices
Education
Industrial
 
Figure 4.1 Breakdown of BREEAM assessment types in the sample 
As identified through Figure 4.1 the larger number of Offices and Industrial assessments will 
inevitably influence the overall relationship. There is no variation in the materials credits for 
these different schemes other than bespoke which by its nature is different, therefore general 
comparisons across different building types is possible. 
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There are not multiple specific versions of the Ceequal manual for different civil engineering 
projects; in order to establish the broad category of the project each assessment has to be 
consulted individually; the assistance of Responsible Solutions is gratefully acknowledged for 
spending time going through the reports to provide this breakdown shown in Figure 4.1. As 
explained in the methodology only projects assessed using version 3.1 of the manual were 
available for analysis; this meant a that a complete sample of 51 projects was possible; three 
‘Whole Project + Interim’ projects were excluded from the analysis as the very specific nature 
of these projects could have introduced anomalies. In total 48 project assessments provided 
the data covering (generic project types) Roads, Rail, Bridges, Water, Land and Other 
(entailing Waste Transfer Stations and Public Realm projects).  
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Figure 4.2 Breakdown of Ceequal project types in the sample 
 
The first paper presented in Appendix B is the journal paper published in the special 
Transport edition of the Proceedings of the Institution of Civil Engineers in August 2011. 
This paper is a direct output from this work package but only draws upon the transport related 
Ceequal projects and extends the scope of analysis to include the energy section of Ceequal 
following the same methodology presented here. The discussion and conclusions from the 
paper are included within the following sections for completeness.  
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4.2.4 RESULTS 
4.2.4.1 Qualitative results 
There are a number of areas that are mentioned in both BREEAM and Ceequal relating to the 
assessment of materials.  
The Responsible Sourcing credit/question is one such issue and plays an emphasis on the 
BRE BES 6001 Framework Standard for the Responsible Sourcing of Construction Products, 
this alongside other better established and widely recognisable frameworks such as FSC, CSA 
and PEFC form a suite of criteria within tier levels to reflect the robustness of the scheme. 
Within BREEAM the BES 6001 ratings of excellent, very good, good and pass are split 
between the tier levels which equate to points and by using the appropriate calculator tool the 
number of credits applicable can be calculated. A fundamental difference between BREEAM 
and Ceequal is that the first does not deem this mandatory whereas all three questions relating 
to responsible sourcing in Ceequal can not be scoped out.  
 
From Tables 4.1 and 4.2 it is clear that insulation and timber receive particular attention in 
BREEAM and Ceequal respectively. This should perhaps not be seen as the scheme operators 
bowing to pressure from the insulation and timber federations and lobby groups but an 
acknowledgement that these are core materials that are required in the majority of buildings 
and civil engineering works. The re-use of existing material is echoed in both assessment 
tools but the specification of low VOC materials appears in the pollution section of BREEAM 
and in the materials section of Ceequal. Conversely recycled aggregates come under the waste 
section in BREEAM but are addressed in the materials section in Ceequal. The boundaries of 
the two materials sections appear to be slightly offset to one another which would make the 
assessment of large projects that seek both a BREEAM and Ceequal award increasingly and 
unnecessarily complex.  
BREEAM uses LCA studies to underpin a number of the credits available; this is primarily 
driven through the use of the Green Guide to Specification (Anderson et al, 2009). Such an 
LCA database is not available for general civil engineering applications which make LCA 
studies less attractive for a Ceequal project; a project would need to demonstrate their own 
LCA studies to obtain any benefit in the assessment.  
 
4.2.4.2 Quantitative results 
The quantitative results focus on the regression coefficients and therefore the relationship 
between overall project score and materials section overall score. The purpose of such an 
analysis is to see whether materials are viewed, assessed and consequently scored in a positive 
manner with increasingly ‘sustainable’ assessments or projects. 
Table 4.3 summarises the regression coefficients for each of the six BREEAM schemes 
present in this sample. The data contain both completely correlated data and unrelated data 
with a few schemes in between. The two schemes with near perfect correlation are Bespoke 
and Education (albeit in a negative manner) but as these consist of three and two assessments 
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respectively inferences are limited. In general there does not seem to be any sort of correlation 
between overall project score and materials section score, this is more obvious in the scatter 
diagram in Figure 4.3 
 
Table 4.3 Materials Regression Coefficient for each BREEAM Scheme 
BREEAM Scheme Regression Coefficient Number of Assessments 
Health 0.021 5 
Retail Insufficient data 1 
Bespoke 0.999 3 
Offices 0.001 13 
Education Insufficient data 2 
Industrial 0.222 7 
All Combined 0.046 31 
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Figure 4.3 Scatter Diagram of Materials’ Scores by BREEAM Scheme 
 
Figure 4.4 shows the average collective score for each of the seven credits in the materials 
section in BREEAM. Mat 3 and Mat 4 do not score particularly well due to the pre-requisite 
façade or structure needed to achieve these credits, the fact that only 1 credit is available for 
each may also be part of the reason for such a low average score. Issues that stipulate the use 
of BRE calculators are Mat 1, Mat 2, Mat 5 and Mat 6 which may indicate why they generally 
score higher than the others. Mat 1, 2 and 6 require the use of the BRE Green Guide to 
Specification and by default the underlying BRE Environmental Profiles LCA methodology. 
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It is a rudimentary approach to LCA but the evidence with high average scores supports such 
a simplistic approach.  
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Figure 4.4 Collective Average Scores of Materials Issues in BREEAM 
 
The contributing data to the materials regressions coefficients for Ceequal projects is 
displayed in Figure 4.5 below. The bias of the data set to road and water projects has been 
identified and as such the overall regression coefficient for the whole materials section is 
perhaps more favourable than would otherwise have been. Table 4.4 shows the individual 
coefficients for each project type. Visually it is clear to see the dominance of road and water 
projects from Figure 4.5; bridge projects have a reasonable correlation but interestingly this is 
negative (albeit based on four projects). 
 
Table 4.4 Materials Regression Coefficient for each Ceequal Project 
Ceequal Project Regression Coefficient Number of Projects 
Road 0.752 17 
Rail 0.448 3 
Bridge 0.410 4 
Water 0.798 15 
Land  0.782 5 
Other 0.798 4 
All Combined 0.709 48 
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Figure 4.5 Scatter Diagram of Materials’ Scores by Ceequal Project 
Figure 4.6 shows the collective average scores for each question in Ceequal (version 3.1). The 
red bars denote questions that can not be scoped out and the green bars represent those 
questions that can be. It might be expected that mandatory questions would score highly, 
which is true for six out of the eight mandatory questions which each average over 70%, 
however two questions 8.4.2 and 8.5.3 both score below 50%. 8.4.2 relates to the percentage 
of recycled materials (excluding bulk fill and sub-base) used in the permanent works; 8.5.3 
relates to the wider environmental impacts of hazardous materials.  
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Figure 4.6 Collective Average Scores of Materials Questions in Ceequal 
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4.2.5 DISCUSSION 
There are a range of BREEAM schemes to cater for different building types as identified 
earlier whereas there is only one Ceequal manual to address all civil engineering  and public 
realm works. There are no mandatory credits in the BREEAM Materials section in contrast to 
Ceequal where 8 or the 13 questions can not be scoped out (version 3.1; Figure 4.6). However 
it should be noted that a zero score on a question that can not be scoped out would not exempt 
the Ceequal project being assessed from achieving a particular rating; the broad range of 
Ceequal projects means that this would not be viable in the current format of the materials 
section.  
 
Whilst BREEAM has a clear focus and methodology for LCA of construction materials 
Ceequal focuses on life cycle costing (version 3.1, question 8.6.1) in the materials section 
rather than the environmental impacts over the life cycle of the materials used; life cycle 
Carbon is addressed in the Energy section. By positioning all aspects of materials in the 
materials section clients and assessors would find it easier to navigate and seek to improve on 
a single parameter and perhaps extend this to other impacts such as water and resource 
depletion. The lack of a broad ranging ‘Green Guide for Infrastructure’ should not deter 
Ceequal from developing the materials section to allow the fragmented tools and processes to 
be recognised and be rewarded appropriately.  
 
Responsible sourcing is a key area that both assessment schemes refer to and one in which 
participants tend to score reasonably well. It should be noted that responsible sourcing is a 
relatively new area for general construction materials although the FSC standard for timber 
has been around for a number of years. As the majority of assessments fall under the 2008 
version in the coming years it would be interesting to see if this average score increases. A 
specific activity could focus on the development of responsible sourcing criteria in both 
BREEAM and Ceequal as this particular piece of research was conducted over 2 years ago. 
The extension of responsible sourcing in to areas such as EPDs is also a future possibility 
(Skaar and Fet, 2012, Glass et al, 2011).  
The regression coefficients of both materials sections BREEAM (0.046) and Ceequal (0.709) 
are diametrically opposite. The large focus of large civil engineering works materials may 
explain the high correlation shown in Table 4.4. Civil engineering works employ, in general, 
fewer different types of construction materials than buildings but on a larger scale. The 
projects assessed under Ceequal tend to be very large high profile schemes whereas some 
BREEAM assessments can be small office buildings, the physical footprint and total cost of 
the project are often different by orders of magnitude. 
As indicated earlier 50% of the Ceequal projects analysed were either road, rail or bridge 
related; if further analysis of the question responses showed that particular questions were 
scoped out for these three collective schemes it would strengthen the case for a ‘Ceequal: 
Transport’ version, all other projects could be assessed using the current structure and be 
termed ‘Ceequal: Resources & Public Realm’ as this would cover land, water, waste and 
public realm projects. 
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The use of the building or infrastructure asset represents a significant impact both in terms of 
the use; i.e. people using energy in a building and people driving on a road and the 
maintenance. More durable materials may have greater environmental impacts at the point of 
installation but reduce the need for other impacts further into the life cycle of the building or 
infrastructure asset. BREEAM address this issue through Mat 7 – designing for robustness 
where the emphasis is placed on prolonging the existing integrity of the building in vulnerable 
areas.  Ceequal addresses this aspect through questions specifically about durability and 
maintenance and then further into future de-construction or disassembly (8.6 & 8.7, version 
3.1). 
4.2.6 CONCLUSIONS 
The statistical analysis of the individual sections of BREEAM and Ceequal has highlighted 
the very low correlation of material scores to the overall project score in BREEAM and the 
opposite for Ceequal projects. Further analysis has revealed that the split of building types 
and civil infrastructure projects assessed is not even. The qualitative analysis has shown that 
there are a number of common themes for materials assessment in both schemes although 
they are assessed in technically different ways. 
Importantly the first work package has identified a range of sustainability issues relevant to 
materials assessment such as LCA, responsible sourcing, durability, recycling and life cycle 
cost amongst others. The development of the framework will build upon existing measures 
such as these in subsequent work packages. 
The completion of the first work package meant that objective one had been met; the key 
assessment schemes for materials assessment had been systematically investigated and 
understood. This was an important aspect which helped to further develop the assessment 
framework for ready-mixed concrete by understanding the sustainability issues for materials 
assessment in both BREEAM and Ceequal.  
4.3 STAKEHOLDER INTERVIEWS 
Objective 2 was to understand the key issues for materials selection for industry. In order to 
meet this objective a series of semi-structured interviews were carried out with 25 industry 
stakeholders. The questions related to three themes; Construction Sustainability, Materials 
Selection and Life Cycle Assessment. The responses were collated and key themes identified 
which helped to produce a hierarchy of drivers for construction products. The hierarchy was 
then used in conjunction with the findings of the previous work package to design the 
framework (section 4.5).  
4.3.1 IDENTIFYING STAKEHOLDERS 
The stakeholders interviewed were selected through a series of discussions with all the project 
supervisors. It was acknowledged that all of the supervisors had different backgrounds and 
therefore a wide range of contacts. Where specific individuals were not known the 
organisation was contacted to ascertain the best person to be involved with the research. Table 
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4.3 shows the list of organisations approached in the study, a range of academic staff, 
government departments, consultants, contractors, research organisations and trade 
associations were suggested and contacted. Figure 4.7 below shows the breakdown of these 
groups; which shows an even split of stakeholders over six different groups.  
 
The interviewees were selected through three main channels. The first being through the 
sponsoring companies, The second was through contacts via the academic supervisors and the 
third was through membership of the CIRIA Environmental and Sustainability Advisory 
panel.  
 
The trade association, academics and contractor interviewees all had over 10 years of 
experience in the construction sector and could be classed as middle/senior management. The 
experience profile was certainly more mixed for the consultant engineers with some more 
junior interviewees but all of whom had at least three years experience of the construction 
sector. Research/assessment and Government Agency stakeholders had over 10 years 
experience of work but not necessarily solely in the construction sector. 
 
Table 4.5 Principal stakeholder organisations 
CEEQUAL Highways Agency Environment Agency 
CIRIA British Precast Concrete Federation WRAP 
Institute of Asphalt 
Technology 
Transport Research 
Laboratory 
Civil Engineers 
Contractors Association 
Construction Products 
Association 
Leeds Metropolitan 
University 
Minerals Products 
Association 
Surrey University Scott Wilson BAM Nuttall 
ARUP Jacobs Atkins 
Nottingham University Sitebatch Technologies Bardon Contracting 
 
Whilst these identified organisations represent a reasonable mix of the various groups of 
stakeholders within the construction sector there is always room for further dialogue and 
involvement of other organisations. It was therefore suggested that one of the closing remarks 
in the interview should ask whether there are other individuals or organisations that would 
benefit by being involved with this research. This approach could be termed as ‘Stratified 
Purposeful Sampling’ which illustrates characteristics of particular groups of interest (Patton, 
2002).  
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Figure 4.7  Breakdown of Stakeholder Groups for Interviews 
 
4.3.2 SEMI-STRUCTURED INTERVIEWS 
All of the interviews were recorded digitally; permission was obtained from all participants 
prior to conducting the interview. Following some of the general advice in Patton (2002) the 
first 10 - 15 minutes of the discussion were not recorded and was more of an informal 
conversation about the backgrounds and perspectives of the researcher and interviewee; this 
helped to build a degree of rapport and to allay any fears or questions that the interviewee 
may have had. For the purposes of analysis the interviews were transcribed in bullet point 
form and returned via e-mail to the participants for any changes or comments. Each 
transcription was then transposed into a spreadsheet for ease of analysis, the clustering 
method was used as discussed by Miles and Huberman (1994, p248); as per the methodology 
presented in section 3.3.2.   
 
As these interviews were conducted early on in the EngD programme it was relatively simple 
to avoid interviewee bias as many of the final areas for development had not been identified. 
The researcher was very much a new person to these stakeholders and therefore carried little 
preconceived expectations.  
4.3.3 HIERARCHY OF DRIVERS – RESULTS 
The interview questions related to three themes; Construction Sustainability, Materials 
Selection and Life Cycle Assessment. The various clusters of issues were collated and totalled 
over the three interview questions. It was then possible to aggregate all of the key themes into 
the hierarchy of drivers presented in Figure 4.8 below. 
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Figure 4.8 Hierarchy of Drivers; results from the semi-structured interviews 
 
4.3.4 DISCUSSION 
The first question on construction sustainability gave responses based on maintenance and 
LCA. The issues associated with the maintenance of construction assets such as roads can be 
things such as traffic management and disruption but these were not mentioned immediately; 
rather the environmental impacts of having slower vehicle movements and increased fuel 
consumption were discussed.  
 
The second theme relating to key issues for material selection notably identified Carbon and 
cost. The segregation of embodied Carbon and whole life impacts was replicated with upfront 
cost and whole life cost. This is perhaps driven through the traditional type of contract where 
the contractor is concerned with immediate and certain aspects of the materials. When 
probing for issues related to materials selection a number of responses were more project 
focussed such as ‘social issues’ and ‘asset management’.  
 
The third theme relating to LCA methodology prompted more politically charged responses 
and some controversial viewpoints. The credibility of data and transparency of the process 
was deemed to be very important as was the BRE Environmental Profiles methodology. 
Carbon footprinting was acknowledged as a key issue; the knowledge of LCA has been taken 
up by most sectors within industry and in part could be credited to the prominence of Carbon 
footprinting. Data quality and life phase considerations were also inherently linked to LCA.  
 
To what extent this hierarchy would manifest itself in practice as a hierarchy for decision 
making or procurement is debatable, practical experience might suggest that the hierarchy 
Carbon (footprinting)/Climate change  
Maintenance/Design Life  
Environmental Issues 
Confidence and Transparency 
LCA/BRE Environmental Profiles 
Material Characteristics 
Cost/Whole Life Cost 
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could be reversed at the point when money changes hands. This was a valuable exercise that 
highlighted a number of sustainability related issues that may not have been so obvious in the 
assessment schemes of BREEAM and Ceequal. LCA and the life cycle approach to 
construction products was a real driver for this group of stakeholders but there was also the 
acknowledgement that other sustainability issues need to be considered including cost. 
4.3.5 CONCLUSIONS 
The aim of this work package was to examine the key issues relating to materials selection in 
construction through a series of semi-structured interviews with key industry stakeholders. 
The second objective has been met through the investigation of three key themes:  
• Construction Sustainability 
• Materials Selection 
• Life Cycle Assessment 
 
Environmental concerns have been identified as being the most important for materials 
selection in construction projects but the range was limited and focused primarily on Carbon. 
Analysis and subsequent discussion of the findings has lead to a number of conclusions: 
 
1. Maintenance issues and factors such as design life and durability are very important, 
associated to this was the issue of upfront cost and whole life costing. Stakeholders 
from a contracting background were more likely to raise concerns about cost. 
 
2. The credibility and transparency of LCA and associated boundaries was seen as a 
problem. Any further work in this area needs to address these issues before actually 
seeking to simulate an LCA for construction products.    
 
This work package has highlighted that there is a need to develop an LCA framework for the 
understanding of broader environmental impacts that take into account the hierarchy of 
drivers identified through this research. This supports the view that LCA needs to be 
supported by other sustainability metrics and issues to reflect more accurately the issues that 
the stakeholders mentioned most frequently.  
4.4 FRAMEWORK DESIGN  
Objective 3 was to develop the framework and derive empirical weightings for the range of 
sustainability issues included in the assessment framework. Building on the previous work 
packages it was possible to integrate the sustainability issues pertinent to Aggregate Industries 
with those from 4 different sources namely, BREEAM, Ceequal, BES 6001, BS 8905 and the 
primary research carried out in section 4.3. This section explains how the sustainability issues 
were mapped and then describes the weighting process for these issues which then evolved 
into the assessment framework. Two conference papers were published explaining in more 
detail the processes presented here; these are presented in Appendices C (mapping of issues) 
and D (weighting exercise) respectively.  
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4.4.1 IDENTIFICATION OF ISSUES 
A key objective of the research was to identify a range of social, environmental and economic 
indicators which formed the areas of assessment in the framework. Aggregate Industries has a 
range of corporate sustainability plans relating to: 
• Carbon 
• Transport 
• Waste 
• Water 
• Community 
• Biodiversity 
In addition there is a great focus (internally) on the efficiency of manufacturing, measures for 
adding value to raw materials and contribution. 
The BS 8905 (2011) standard contains signposts to a number of existing methodologies and 
standards for environmental, social and economic issues. In order to arrive at the list of issues 
for the framework, the most recurring issues mentioned in BS 8905, BES 6001 (responsible 
sourcing), BREEAM, Ceequal and the primary research conducted (section 4.3) were 
identified and mapped against each other as shown in Table 4.6. In order to have a robust 
framework that addressed a holistic approach to sustainability assessment all of the issues 
shown on the left hand side of Table 4.6 were included in the framework and the subsequent 
weighting of issues described in the next section. 
Table 4.6 Mapping the issues 
 
Issue Aggregate 
Industries 
BS 8905 BES 
6001 
BREEAM CEEQUAL Primary 
Research 
LCA/Carbon        
Water       
 
Waste       
 
Biodiversity      
 
Recycled/Secondary Content 
 
    
 
Durability/Longevity 
   
   
Product Properties 
   
   
Mode of Delivery      
 
Employment & Skills 
  
   
 
Community Engagement      
 
Contribution  
     
Life Cycle Cost 
 
 
  
  
Adding Value to Raw 
Materials 
 
     
Equipment Efficiency   
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4.4.1.1 Discussion 
Life cycle assessment is the only issue to be present in all of the areas that were investigated; 
it is itself (as explained in chapter 2) an established tool to assess the environmental impacts 
of products or services however what is evident from Table 4.6 is that LCA is only one part of 
the approach needed. Jeswani et al (2008) have already identified that there needs to be more 
options for the “broadening and deepening of LCA approaches”. This also supports that there 
are limitations to LCA as presented by Udo de Haes et al (2004). This framework is seeking 
to create a range of metrics and indicators that form the assessment framework; such an 
approach has been termed a “tool-box” by Udo de Haes et al (2004) “which they argue lacks 
consistency and propose that a hybrid LCA approach is a stronger methodology which would 
essentially end up becoming an extension of LCA. Whilst this point of view is acknowledged 
it is also necessary to understand the context in which the LCA is being applied. In an 
organisational context a toolbox approach that has an element of LCA built into the system is 
easily usable, transparent, does not require the employment of specialist LCA practitioners 
and relies on datasets and information that has mostly already been collated. In addition, 
having an elemental approach to the environmental aspect allows future developments in 
construction product LCA such as CEN TC 350 to be used and issues merged together. The 
approach may appear simplistic however this was the aim of the framework that it could be 
easily understood and therefore utilised” (Ghumra et al, 2011c; Appendix D). 
4.4.2 INTERNAL STAKEHOLDER WEIGHTING 
The conference paper presented at the ARCOM (Association of Researchers in Construction 
Management) 2011 conference in Bristol (University of the West of England) was entitled 
‘Validating a set of empirically weighted sustainability indicators for construction products’ 
(presented in full in appendix D). Following on from the previous paper which identified the 
sustainability issues this work package consisted of a survey to collate the weighting opinions, 
on the sustainability indicators, 35 individuals within Aggregate Industries participated in this 
survey. These results were aggregated to derive overall weightings for each sustainability 
indicator. Environmental, social and economic sections were considered equally and weighted 
indicators were developed within each of these sections” (Ghumra et al, 2011d, Appendix E). 
It is important to weight the issues as some issues are inherently more significant than others. 
The framework issues had not been developed into specific questions related to ready-mixed 
concrete at this stage. As such an on-line survey was circulated to 80 employees who were 
based in the central services functions of marketing, IT, audit, estates and finance. Of these 35 
responded which represented a 43% response rate. This is clearly high for such a medium and 
was heavily influenced by the profile of the researcher in the business.  
Central services personnel were chosen to avoid product specific bias. The aim of this activity 
was to weight the issues from a neutral perspective and this group of participants gave exactly 
that. The 35 respondents ranged from Director level to more junior management positions. 
Also the time spent in the company ranged from 2 years to over 30 with an average of around 
10 years time spent in Aggregate Industries.  
DEVELOPING A SUSTAINABILITY ASSESSMENT FRAMEWORK FOR READY-
MIXED CONCRETE 
 
50 
 
4.4.2.1 Results 
This section presents the results from the company survey in their raw form and gives the 
number of participants who selected a particular weighting level for the environmental, social 
and economic questions (Tables 4.7 to 4.9). Weighted averages were taken for each indicator 
to arrive at the final weighting for each indicator; this is presented at the end of the section 
(Table 4.10) alongside the corresponding weightings in BREEAM, Ceequal and BES 6001 to 
indicate how these indicators are weighted in the respective schemes and standards. 
 
The weighting results of the environmental indicators are shown in Table 4.7. The water and 
biodiversity indicators show similar outcomes with the concentration of participants selecting 
lower importance weightings. LCA/Carbon footprinting is clearly the issue that the majority 
of participants felt were the most significant. Waste and recycled/secondary content have at 
least 70% of the weighting outcomes at 30% or below but still have a large spread of 
outcomes across the full range. 
 
Table 4.7 Environmental indicators weighting results  
Environmental Indicators 10% 20% 30% 40% 50% 60% 70% 80% 90% 
LCA Carbon Footprinting 7 3 10 4 2 6 1 1 1 
Water 19 9 1 0 0 1 0 1 1 
Waste 6 10 9 3 1 2 2 1 0 
Biodiversity 20 3 4 1 1 2 1 0 0 
Recycled/Secondary Content 11 12 3 4 1 1 1 1 1 
 
The weighting results of the social indicators are shown in Table 4.8. Overall there does not 
seem to be a clear issue that has been weighted consistently highly. Durability/ longevity has 
a range of weightings and along with community engagement is the only issue to have a 
single instance at 90%. Product properties and mode of delivery both have over half of the 
responses at 20% or below. Employment and skills has a similarly low weighting 
concentration below the 30% level.   
 
Table 4.8 Social indicators weighting results  
Social Indicators 10% 20% 30% 40% 50% 60% 70% 80% 90% 
Durability/Longevity 3 9 11 3 3 1 2 0 1 
Product Properties 12 10 3 3 2 1 1 0 0 
Mode of Delivery 11 15 2 1 2 0 0 2 0 
Employment & Skills 9 8 10 2 1 0 2 2 0 
Community Engagement 11 9 5 1 2 1 0 2 1 
 
The weighting results of the economic indicators are shown in Table 4.9. Profit margin and 
life cycle cost appear to have a greater number of weightings at 30% or over. Eighty percent 
of the cumulative responses are achieved at the 50% level for profit margin, at the 40% level 
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for life cycle cost and at the 30% level for the remaining two indicators. Weightings for these 
indicators will generally be higher than the environmental or social indicators (as there are 
four indicators as opposed to five). 
 
Table 4.9 Economic indicators weighting results 
Economic Indicators 10% 20% 30% 40% 50% 60% 70% 80% 90% 
Profit Margin 2 4 13 4 4 6 1 0 1 
Life Cycle Cost 4 8 9 6 3 2 1 0 2 
Internal supply of materials 11 12 5 0 1 2 1 0 1 
Equipment Efficiency 7 17 4 0 1 0 1 1 2 
 
Table 4.10 Environmental, Social and Economic weightings  
 Weighting %   
Indicators Survey BREEAM Ceequal BES 6001 
LCA / Carbon Footprinting 27.3  19.0  9.5  31  
Water 14.6  6.0    8.5  10  
Waste 22.7  7.5    8.4  10  
Biodiversity 15.3  10.0  8.8  18  
Recycled/Secondary Content 20.1  12.5  9.4  18  
Durability/Longevity 24.3  12.5  9.4  - 
Product Properties 17.3  - - - 
Mode of Delivery 17.0  8.0    8.1  10  
Employment & Skills 21.0  - - 10  
Community Engagement 20.3  - 7.4  10  
Profit Margin 30.8  - - - 
Life Cycle Cost 27.7  - 9.4 - 
Internal supply of materials 19.8  - - - 
Equipment Efficiency 21.7  - - - 
 
Table 4.10 shows the overall weightings of the survey indicators against the corresponding 
weightings from BREEAM, Ceequal and BES 6001. This has been done at a section level, 
e.g. durability and longevity appear in the materials sections of BREEAM and Ceequal and 
the entire materials section is weighted at 12.5% and 9.4% respectively, taking the weighting 
of the individual question would have made relative comparisons impossible. The purpose of 
Table 4.10 is not to draw comparisons between the absolute values of the weightings for each 
indicator, but to understand the relative positioning of the indicators to one another to validate 
the weightings of the survey indicators. The schemes and standards have different scopes and 
terms of reference; hence it would be unwise to extrapolate specific numerical similarities or 
differences on this basis.  
4.4.2.2 Discussion 
Generally it can be seen that the results of the survey map well to similar indicators used 
within the assessment tools for environmental issues showing broad data validity. When all of 
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the indicators are ranked on the basis of their respective weightings LCA Carbon footprinting 
(compared to Energy section weightings) is the most highly-weighted issue from all sources. 
The weightings of environmental indicators embedded in the BES 6001 standard for 
responsible sourcing represents the closest match to the survey weightings, however 
comparisons for social indicators are difficult and there are no economic indicators to make 
comparisons against at all. BES 6001 could potentially be revised to explore a more 
structured approach to the economic aspect of the product assessment. This work could help 
to inform subsequent revisions of BES 6001 by considering the inclusion of the economic 
indicators including life cycle cost. This exercise has validated the empirically derived 
weightings of the sustainability issues that will form the basis of the assessment framework. 
The weightings were conducted on the basis that social, environmental and economic issues 
are equally significant; a methodological position that could be argued and is explained 
further in section 5.2.2.  
4.4.3 CONCLUSIONS 
Objective 3 has been met by the publication of these two complementary work packages. The 
development of the sustainability issues were based on existing corporate policies, standards 
and assessments supplemented with primary research carried out as part of objective 2. 
Economic issues were found to be less well defined in the leading assessment schemes such 
as BREEAM and Ceequal whereas the primary research of semi-structured interviews 
reflected on financial issues such as up front cost versus whole life cost.  
The weighting process took these sustainability issues and grouped them into environmental, 
social and economic groups. Weightings were calculated within each of these groups so that 
the overall impact of the three sustainability issues (triple bottom line) remained equal.  
Once the weightings exercise had been concluded and validated to a degree it was possible to 
apply performance criteria to these individual sustainability issues which are presented in the 
next section.   
4.5 FRAMEWORK DEVELOPMENT AND TESTING 
This section presents the main output of the EngD; the sustainability assessment framework 
for ready-mixed concrete. This is part of objective 4 relating to the testing, validating and 
review of the framework. This section gives an overview of the assessment framework 
(presented in Appendix A) and gives the organisational context of the sample sites used to test 
the framework. The results of the assessment are discussed some of which are presented in a 
journal paper submitted to the Journal of Industrial Ecology  (Appendix E) (in review at time 
of submission). Some conclusions are made at the end of the section specifically relating to 
this work package.   
4.5.1 THE FRAMEWORK 
Following the weighting exercise for each of the issues a nominal value of 20 points was 
assigned to each section i.e. environmental, social and economic. This then gave the 
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maximum points available for each sustainability issue/question. Specific criteria were 
developed for each question and whether there should be a sliding scale of performance or 
simply a ‘on or off’ type result.  
The generic assessment framework is presented in Appendix A. Due to the commercially 
sensitive nature of some issues the generic framework presented at the Focus Group (section 
4.8) is the version presented with this thesis. The scope of the framework states, “This 
framework is intended to be used by Aggregate Industries to better understand the 
sustainability impacts of ready-mixed concrete and associated claims about the material’s 
credentials”. The underlying approach could be extended in the future to assess other product 
groups such as asphalt and aggregates. The outputs of the assessments present a profile of the 
products and a more holistic view of the sustainability credentials of ready-mixed concrete. 
The general principles of the framework will also be presented to the wider construction 
products sector as a case study to showing the application of BS 8905. Once this robust 
framework is established within Aggregate Industries, it is envisaged that strategic decisions 
regarding the actual mix design of ready-mixed concrete products, the production process and 
the management of the plant can be made more easily. It will also act as a guide for those who 
wish to manufacture more sustainable products. The framework is current for the level of 
measurement and monitoring of sustainability issues in Aggregate Industries in 2012; there 
are areas that will need to be revised as other tools are used to improve on the current level of 
understanding”. Whether this level of application is possible following the review of the 
Focus Group and further considerations is addressed in the next chapter.  
The environmental, social and economic issues were regrouped depending on the product life 
cycle stage they were most relevant to i.e. products, manufacture or use. For the purposes of 
brevity a summary of each product stage and the sustainability issues contained therein are 
presented below; the reader is asked to refer to Appendix A for the actual questions relating to 
a particular issue. 
4.5.1.1 Product Assessment 
The first part of the assessment framework asks questions relating to the material components 
these are: 
• Life Cycle Assessment/carbon footprinting - A  sliding scale of performance question 
where a reduction in embodied carbon dioxide of the concrete is required to achieve 
the points 
• Water - The use of specific concrete additives to reduce mains water consumption by 
5% in the concrete mix; the use of recycled water in the production process 
• Recycled/secondary content - Points are awarded depending on the use of 
recycled/secondary aggregates and cementitious materials 
• Adding value to raw materials - This is an organisation specific question that is often a 
measure monitored through internal accounting procedures and therefore 
commercially sensitive 
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4.5.1.2 Manufacture Assessment 
The second section assesses the key sustainability issues relating to the manufacture of the 
concrete the questions relate to: 
• Waste - The sending of any inert or hazardous waste to landfill 
• Biodiversity - The presence of a site Biodiversity Action Plan 
• Transport - Average distance of delivery trucks to customers 
• Training/ Health and Safety - Up to date training records and no list time incidents 
• Community - The presence of a site Community Engagement Plan 
• Contribution - The profitability of the specific concrete product 
• Plant efficiency - Overall plant efficiency between particular performance levels 
 
4.5.1.3 Use Assessment 
The use section covers all of the issues that happen after manufacture and include whole life 
considerations these questions cover: 
• Durability - Technical performance guaranteed by the manufacturer 
• Product properties - Additional characteristics not covered by durability 
• Whole life cost - The financial benefit of reduced maintenance over the life time of the 
concrete product  
4.5.1.4 Comparing Results  
The assessment scores are summed and reported against the respective product life cycle stage 
and as a single assessment total for comparisons to be made between different products. The 
practical application (testing) of the framework is presented in the next section.  
4.5.2 CONTEXT  
In order to fully test the framework it was decided to select a ready-mixed concrete business 
within Aggregate Industries that operates with a degree of autonomy. The London Concrete 
business operates 12 sites within the M25 London Orbital Motorway (Figure 4.5) and has 
supplied concrete to high profile projects including the Olympic Park and The Shard.  
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Figure 4.9 Location map of the London Concrete sites 
The results of the test exercise were submitted as a journal paper to the Journal of Industrial 
Ecology (in review at the time of writing). The full paper is presented in Appendix E.  The 
following paragraph explaining the assessment methodology has been taken from the journal 
paper submission (Ghumra et al, 2012a). ‘All ten manufacturing sites (A-K) were chosen with 
similar markets in which they operate and the operational similarities between the physical 
operating equipment such as age of equipment and mixing capacity. The sample of 10 sites 
was taken from a pool of 12; this represents over 80% of the London Concrete sites. All ten 
manufacturing sites were coded to prevent them being identified”. For the purposes of this 
work package two ready-mixed concrete mixes were assessed at each of the ten sites based on 
2010 performance and monitoring data.  
 
 The first ready-mixed concrete product (Mix I) was a standard 40 Newton strength mix 
using no additives or cement/virgin aggregate replacements.  
 The second ready mixed concrete product (Mix II) was again a 40 Newton strength mix 
but with 30% of the Portland cement replaced by pulverised fly ash (PFA) using no 
additives or secondary/recycled aggregates. PFA is a by-product of coal fired electricity 
generation and as such has a much lower embodied carbon value compared to traditional 
Portland cement. 
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4.5.3 RESULTS AND FEEDBACK 
The assessment is evidence based and therefore a great level of reliance was placed on the 
internal integrated management system software package that stores the site records of a range 
of non-financial metrics and other related documents. The overall assessment scores for the 
two mixes are shown in table 4.11 below.  
Table 4.11 Assessment scores for the two mixes at the ten sites 
  Manufacturing Site 
 
 A B C D E F G H J K 
Mix I Total Score 16 14.5 8 11 7 8 4 14 9 10 
 
Maximum 60 60 60 60 60 60 60 60 60 60 
 
Percentage 27% 24% 13% 18% 12% 13% 7% 23% 15% 17% 
Mix II Total Score 20 18.5 12 15 11 12 8 18 13 14 
 
Maximum 60 60 60 60 60 60 60 60 60 60 
 
Percentage 33% 31% 20% 25% 18% 20% 13% 30% 22% 23% 
 
 
The addition of PFA to Mix II resulted in 4 extra points being scored in the product 
assessment section, manufacture assessment scores stayed the same between mixes and 
neither mix scored anything for the use assessment. Therefore the only difference in scores 
across all ten sites was the reduction in carbon and use of secondary materials as 30% of the 
cement was substituted for PFA.  
4.5.4 DISCUSSION 
There was a complete lack of understanding relating to life cycle costs of Mix I and Mix II, 
only the special product which had been designed with such considerations in mind was able 
to score against this issue. Issues such as durability have been identified as being significant 
to industry stakeholders (Toledo Filho et al, 2012) and other product properties which can 
give competitive advantage in the marketplace. One outcome from this part of the analysis is 
that there is a need to better understand, calculate, communicate and convey the life cycle 
benefits of ready-mixed concrete products in general. The durability of the construction asset 
needs to be considered alongside the durability of the construction material itself (Mora, 
2007). Henry and Kato (2011) designed a sustainability assessment framework for concrete in 
Japan and concluded that, “the concrete with better properties was generally selected as most 
sustainable regardless of the design scenario” which suggests that such decisions are 
consequential rather than informing one another in an iterative decision making process.  
 
 
Multi-criteria approaches that are so complex that they require software solutions (Zhou et al, 
2009) serve a particular need. However industry stakeholders are naturally sceptical of such 
‘black box’ approaches (Ghumra et al, 2011a). Skaar and Fet (2012) summarise the potential 
juxtaposition (between EPDs and CSR), ‘Selecting indicators is however a balancing act 
where the needs of both internal…and external stakeholders… must be considered’. This view 
is partially supported by the work of Ozdemir et al (2011) where the ‘value’ of the end result 
needs to be carefully understood.  
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The results of the assessments have shown that the framework can be applied to ready-mixed 
concrete products manufactured at 10 sites for two different products. The structure of the 
framework and question set has highlighted the need for the organisation to better understand 
whole life issues relating to cost and social benefits in particular. The framework represents 
another facet of embedding sustainability into the case study organisation which does not 
need an overly complex process (Lozano, 2012) to identify gaps but an evolution of activity 
built upon real business performance.  
 
It is accepted that almost 75% of the assessment focuses on the impacts of the raw materials 
and manufacture and only 25% remains for the use and end of life issues, this has resulted 
from the weighting exercise which was conducted within the case study organisation and 
therefore the inherent bias is acknowledged, this might also go some way to explain why such 
little consideration is give to the use phase of products. There appears to be a disconnect 
between the economic issues and the environmental issues, a greater ‘life cycle thinking’ or 
systems thinking (Adetunji et al, 2003) approach is needed if the ‘sustainable brand’ of 
products is to become mainstream. However as such systems develop in the case study 
organisation it will be possible to demonstrate the ‘inter-linking issues’ (Lozano and 
Huisingh, 2011) much more transparently than the organisation is currently able to 
demonstrate. This framework works well at the operational and perhaps tactical level; 
however it does lack a strategic view on assessment which is its biggest limitation.  
4.5.5 CONCLUSIONS 
The testing of the framework demonstrated that it could be used effectively and produce 
consistent results. Therefore the first part of objective 4 was met through this work package. 
However there were many opportunities to further test the framework at other sites outside of 
London and other countries. The three discrete product life cycle stages are biased towards a 
concrete manufacturer but as has been outlined in chapter 1 this framework is intended to be 
used by Aggregate Industries to better inform managers within the business about the broader 
sustainability aspects of concrete products. Due to the segregation of product life cycle stages 
the manufacture assessment is the same at a site regardless of the product manufactured which 
makes the use of the framework less onerous for multiple product comparisons at the same 
location. Aspects of the framework could be used as part of the continuous improvement of 
manufacturing processes e.g. as part of ISO 14001. There is a need to focus on the post 
manufacturing benefits that concrete can bring and also how this is communicated to 
customers is an area that needs more research. A key aspect of the framework is the ease with 
which it can be picked up and used by site managers; if a solution derived from empirical 
research is not practical and usable then it will not survive in an organisation where there are 
continuously competing issues that compete for primacy. 
4.6 TESTING THE FRAMEWORK IN CANADA 
In order to further test the framework one of the final work packages to support objective 4 
was the trialling the framework in another country. The main outputs of this work package 
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were the subject of the final conference paper presented in Appendix F at the Building 
Sustainability Assessment Conference in Porto, Portugal in 2012 (Ghumra et al, 2012b).   
4.6.1 CONTEXT  
The Canadian construction industry operates in a more varied climate than that of the UK and 
has a strong association with the timber industry. It does however share a degree of 
commonality regarding the policy landscape relating to sustainability in the built 
environment. The Canadian Green Building Council is particularly active and an aggregate 
responsible sourcing scheme has been developed by Holcim Canada (SERA, 2011). As 
Aggregate Industries is part of the Holcim Group it was relatively easy to make contact with 
the appropriate ready-mixed concrete plant managers who could use the assessment 
framework for their own operations and concrete products. Environmental and sustainability 
rating schemes for buildings (BREEAM) and civil infrastructure (Ceequal) are well 
established in the UK, in Canada the Canadian Green Building Council have adopted the 
Leadership in Energy and Environmental Design (LEED) scheme for both buildings and civil 
infrastructure. Whilst LEED and BREEAM are technically different schemes they 
nevertheless have a bias towards environmental issues related to materials assessment. The 
assessment was carried out at a ready-mixed concrete site in the Ontario region of Canada. 
The results of the assessment were compared to some previous results obtained in the UK and 
compared to see how the framework performed in a non UK environment. These findings 
were published at the Building Sustainability Assessment Conference in Porto, Portugal in 
May 2012, the full paper is presented in Appendix F from which the results, discussion and 
conclusions below are summarised.  
4.6.2 RESULTS AND FEEDBACK 
Three concrete mixes were compared using the assessment framework. Importantly the 
framework was given to the plant managers to assess the products themselves without direct 
support from the author. Other than a few minor comments (detailed in the paper in Appendix 
F) there was nothing of significance that prevented them from completing the assessment.  
 
Whilst Mix A was a comparable mix of product (between the UK and Canadian units) with 
only virgin aggregate and Portland cement, Mix B differed slightly as the UK variant had a 
30% PFA replacement of the Portland cement whereas the Canadian Mix B had a 30% GGBS 
replacement. This is due to the availability of PFA in the locality to the specific Canadian 
ready-mixed concrete unit. Mix C (UK) contained in excess of 50% GGBS and some 
additives such as plasticizer. The Canadian Mix C maintained the 30% replacement of cement 
with GGBS but included some recycled aggregates in the mix. The overall results for both the 
Canadian and UK sites is presented in Table 4.6.  
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Table 4.12 Total assessment scores 
 
 Canada UK 
Mix A Total Score 17 16 
 Maximum 60 60 
 Percentage 28% 27% 
Mix B Total Score 31.5 21 
 Maximum 60 60 
 
Percentage 53% 35% 
Mix C Total Score 33.5 32 
 Maximum 60 60 
 
Percentage 56% 53% 
 
The consolidated scores presented in Table 4.12 show that Mix A in for both the UK and 
Canadian units are very similar. Mix B scores show that the Canadian mix performs better 
than the UK Mix B. These products are not directly comparable unlike Mix A. Mix C 
products score overall similar totals but again caution must observed due to the differences in 
product composition outlined at the beginning of this section.  
 
Over all there seems to be some agreement between the scores and the Canadian users were 
able to score against many (and in some cases more than the UK) of the questions even 
though the scoring parameters were based on UK data sets.  
4.6.3 DISCUSSION 
The mixes with higher proportions of replacement materials scored much better overall. There 
are barriers to using non-primary aggregates for ready-mixed concrete in the construction 
industry in general (Tam et al, 2010) but there are notable exceptions (London 2012 
Olympics, 2011). Interestingly Mix C for the UK has a high proportion of GGBS and no 
recycled/secondary aggregate whereas the Canadian Mix C had both of these replacement 
materials. There are clear links in sustainability rating systems to recycled aggregate and 
secondary materials and optimisation models have been created to calculate the trade offs 
between construction cost and LEED points (Castro-Lacoutre et al, 2009). In the UK version 
of BREEAM there is a single credit available for the use of recycled and secondary materials 
used in high grade applications (BREEAM, 2008). However compliance for this credit 
requires information from a number of sources across the building project when other credits 
of similar value are more straightforward to achieve. It may be that policy relating to the use 
of non-primary aggregate in ready-mixed concrete is more flexible in Canada than in the UK 
but a specific study would need to be carried out on a wider scale to make such conclusions. It 
is often accepted that trade-offs need to be made between different sustainability issues 
(Alwaer et al, 2011) but it should also be acknowledged that the systems and approaches 
themselves have to trade off between accuracy/completeness and usability.  
 
In general the concrete mixes scored more points in the manufacture section than the raw 
materials section. Mixes A and B scored poorly in the use section for both Canadian and UK 
sites. The purpose of this work package and comparison of the scores from the two different 
countries is not to identify whether one concrete is better than the other but to understand 
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whether the assessment framework could be used outside of the UK context from which it 
was derived. Based on these results it would seem that it is certainly possible to use this 
approach outside of the UK but further research and trials would need to be undertaken in 
other countries with a wider range of sites and comparable products to draw any further 
conclusions.  
4.6.4 CONCLUSIONS 
The assessment framework performed well for Canadian and UK ready-mixed concrete 
products; outputs were broadly similar between standard concrete mixes and high 
performance proprietary mixes. A number of areas relating to the flexibility of concrete 
standards to allow the use of non-primary raw materials and differences in waste legislation 
were shown to be apparent, this would support the evolution of a Canadian specific version of 
the UK framework although it would be expected that individual metrics and thresholds 
would change rather than the questions themselves. More work needs to be done by 
manufacturers to better understand the whole life cycle costs of ready-mixed concrete a wide 
body of research is available on this subject matter but a transparent and easy to use system 
could prove useful to the sector.  
 
This work package developed an assessment framework that was transparent, easy to use and 
focused on the manufacturer with the primary aim to improve the sustainability of ready-
mixed concrete products. This concluded the testing of the framework as part of objective 4. 
4.7 FOCUS GROUP 
The final objective and associated work package related to the external review of the 
framework. This was achieved by holding a dedicated focus group with a range of key 
industry stakeholders. This section gives an overview of the event and details the key 
comments from the focus group and presents conclusions based on this final work package.  
4.7.1 CONTEXT  
In March 2012 during the Ecobuild conference and exhibition at ExCel in central London 25 
external stakeholders were invited to the adjacent hotel to the conference to provide feedback 
and comments about the output of the EngD; the sustainability assessment framework. The 
focus group was split into three key themes for discussion: 
• Theme 1 - Does the framework have the right approach? 
• Theme 2 - Does the framework address the right issues? 
• Theme 3 - Is there any external value? 
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4.7.2 RESULTS AND FEEDBACK 
Due to the discursive nature of the focus group the key points raised during each session were 
captured in bullet point form. As the breadth and richness of the comments were felt 
important to the research they are presented below. 
Theme/Session 1: Does the framework have the right approach? 
Purpose: To seek views from the group on matters relating to the general approach of the 
framework as an internal benchmarking tool; the balanced approach to social, environmental 
and economic issues and about the creation of another system. 
• The objectives and targets associated to the issues embedded in the framework could 
complement compliance to ISO 14001; this is particularly relevant as ISO 14001 is 
currently being reviewed and updated  
• The framework is a good process for internal benchmarking  
• Some of the softer (social) issues need more weight  
• There was some confusion regarding the intended audience, it was clarified that it is 
for Aggregate Industries in its current format 
• Some discussion around whether it was too early to consolidate from other systems, is 
Aggregate Industries leading by too much with type of approach? Why not start from 
standards? [It was explained that previous work had built upon standards such as BES 
6001 and BS 8905] 
• How will the framework influence decisions? This will tell us if it is any good 
• Local factors around procurement should be considered 
• Is it a simpler version of SPeAR for manufacturers? 
• Needs to show a longer term view, how does it drive overall improvement? 
• Is this BES 6001 Lite? There is a problem with product and organisation issues being 
combined in this way. It is a good idea. 
Theme/Session 2: Does the framework address the right issues? 
Part 1: Delegates were asked to identify a range of social, environmental and economic issues 
on a sheet of flipchart paper. A circle with three equal segments was drawn to allow Post-it 
notes to be stuck down in the relevant segment.  
• There was a degree of jargon as the room was full of sustainability professionals 
• Common trends were evident and a number of issues were clearly interlinked with one 
another 
• Such an approach does not allow for weightings of issues and crossovers 
• The key issues from all 4 groups appeared to be: climate change, embodied energy, 
resource efficiency and security of supply 
• Economics possibly not seen as important by the group,  
• Global population expansion is an underpinning issue concerning many of the 
traditional sustainability issues i.e. less people would mean less of a problem… 
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Part 2:  Delegates were asked whether they felt that the three aspects of sustainability should 
be equally weighted (black dot) or present their own view of importance (Red, Orange, 
Green) Green being the most important. 
• Interestingly 12 people balanced the three aspects and 11 gave different weights to the 
aspects 
• 7 people said the environment aspect was the most important, 2 orange, 2 red 
• 3 people said the economic aspect was the most important, 2 orange, 6 red 
• 1 person said the social aspect was the most important, 7 orange, 3 red 
• There was some debate around whether people did this on the basis of their workplace 
or from a personal perspective 
Theme/Session 3: Is there any external value? 
• Where would Shamir see where this is going. Could it influence other fields? 
• It needs to be a consolidation of standards and methods 
• Will clients be asking for this type of information but they need to be informed in the 
first place to ask the right questions 
• Robustness of data and evidence is an area for improvement and this framework could 
help to improve this for Aggregate Industries 
4.7.3 DISCUSSION 
There was some debate around the validity of giving equal value to social, environmental and 
economic aspects of sustainability. It has already been acknowledged that this was an area 
that needed further clarification. There was nearly a 50/50 split on whether the participants 
agreed with such an approach so even amongst sustainability professionals there is no sort of 
consensus on this matter.  
The link to ISO 14001 is quite an important one. Nearly 20 years ago the ISO 14001 standard 
was seen as a vehicle to make the construction industry ‘green’ (Ball, 1993).  However whilst 
environmental management has improved (or at least acknowledged) the construction 
industry is still working towards becoming ‘green’. Interestingly the revision to ISO 14001 
will have a more strategic emphasis on how environmental management helps to improve the 
business through management review (IEMA, 2012). The revision to ISO 14001 could also 
have a greater emphasis on LCA and EPD. Both of which have been highlighted as growth 
areas in the construction industry through this EngD research.  
The participants also identified the links and similarities with the BES 6001 standard both in 
terms of approach and the issues covered. Due to the derived nature of the framework from 
existing policies, standards and schemes this was an acknowledgement that the outputs of the 
EngD presented an evolution of existing approaches applied in a novel way. 
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4.7.4 CONCLUSIONS 
The group of stakeholders were clearly from a biased group as they were sustainability 
professionals within the construction sector; despite this the comments were incredibly 
valuable to the future direction of the assessment framework. The discussion relating to the 
links with ISO 14001 and the objectives and targets required to comply with this standard 
were of particular relevance. The stakeholders were generally supportive of the approach and 
the proactive research activities undertaken to develop the framework.  There was however 
some debate and clarification required as to the intended audience for the framework. 
4.8 SUMMARY 
This chapter has presented the research undertaken from the first work package reviewing the 
sustainability assessment schemes to the final review of the framework with key external 
industry stakeholders. All of the work packages have been carried out to meet the objectives 
as stated at the beginning of Chapter 1 which cumulatively have allowed the EngD research to 
be delivered. The framework was developed by drawing upon the sustainability issues 
addressed in the key standards and rating schemes in the industry; this was complemented 
with the primary research. The individual sustainability issues were then weighted with 
employees from Aggregate Industries through an on-line survey. The framework was trialled 
on a selection of ten ready-mixed concrete sites within the London M25 orbital road and 
subsequently trialled on a Canadian ready-mixed concrete site. Some comparisons were 
possible from both trials between the different sites at a product level and from an 
organisational perspective; there were also similarities and areas for further improvement, in 
particular the lack of emphasis on post manufacture life cycle stages. The focus group 
convened towards the end of the research period helped to construct some areas of discussion 
around the application of such a framework and how it could be linked to other organisational 
management systems.  
The research undertaken has been presented and explained in this chapter. The sustainability 
assessment framework for ready-mixed concrete has been developed, trialled and reviewed 
and has provided a useful insight into the ‘sustainability’ of ready-mixed concrete at 
Aggregate Industries but it has also raised queries around the durability of construction 
products; how to assess systems rather than individual products and whole life costing. Being 
able to reflect and discuss these outputs for the research demonstrates that the research aim 
has therefore been met.  
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5 FINDINGS & IMPLICATIONS 
5.1 INTRODUCTION 
This chapter draws upon the conclusions made at the end of Chapter 4 and presents the 
findings and implications of the research. The findings have particular implications for the 
industrial sponsors and the wider construction products sector, which are described in this 
chapter; some of which have already been actioned whilst others will take longer to be 
realised. The contribution to existing theory and practice is presented along with a critical 
evaluation of the research. Some recommendations are made for the industrial sponsors and 
areas for further research identified.  
5.2 KEY FINDINGS  
There were a number of key findings from the research project. These are itemised below 
with the respective objectives from which they originated denoted in parenthesis.  
• There are a number of issues that are common in the assessment of materials in 
BREEAM and Ceequal these being; LCA, Responsible sourcing, durability and 
recycling. Relationships between overall project performance and materials section 
scores were found to be positively correlated for Ceequal projects but no such 
inference could be made for BREEAM assessments (Objective 1) 
• Carbon footprinting and climate change issues along with durability and maintenance 
represent key drivers for materials selection for construction products  based on 
primary research with industry stakeholders (Objective 2) 
• Sustainability issues represented in the BRE Framework Standard for the Responsible 
Sourcing of Construction Products (BES 6001; BRE, 2009) cover many social and 
environmental issues relevant to the construction industry but there is a lack of 
economic awareness and the research space is becoming very standards centric 
(Objective 2) 
• The weighting exercise revealed that issues such as carbon, waste, health & safety, 
contribution and whole life cost were the most significant issues to the Aggregate 
Industries employees surveyed (Objective 3) 
• The developed framework gave consistent outputs both in the UK and in Canadian 
sites (Objective 4) 
• The results of the framework trials revealed that there is a need to focus on post 
manufacture issues, such as material characteristics and whole life cost; there is also a 
need to communicate some of this information more effectively (Objective 4) 
• The feedback from the focus group showed that there was a general level of support 
for the assessment framework but aspects of the framework could be adopted and fed 
into existing Aggregate Industries business activities to support continuous 
improvement (Objective 4) 
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5.3 OUTPUTS 
The main output of the EngD research is the assessment framework itself and the academic 
papers that have been published during the course of the research programme. The framework 
exists as a stand alone document without the need for additional supporting software or 
paperwork (Appendix A). During the focus group sessions (Appendix H) it was necessary on 
more than one occasion to re-emphasise that the framework was designed to be used by 
Aggregate Industries only and that there was no intention to make the results of any 
assessments publicly available in this format.  
The results of the London Concrete trials were shared with relevant technical personnel in 
Aggregate Industries but no comments were made regarding the research and outcomes of the 
assessments. The same people were invited to attend the focus group but due to other 
commitments this was not possible.  This is certainly a source of feedback that would have 
helped with any further recommendations.  
The range of concrete mixes assessed focused on cement replacements and virgin aggregate 
substitutions complemented by some proprietary mixes that had been designed for particular 
projects. The assessment framework coped well with this range of products and gave 
consistent results across the ten sites assessed in London.  
By splitting the sustainability issues into the respective life cycles stages of raw materials, 
manufacture and use it meant that multiple products at the same site would only need to 
assess the manufacture section once. As Aggregate Industries is a manufacturing organisation 
it was evident from the results that most of the emphasis is on the preparation and 
manufacture stages rather than further life cycle stages. Issues such as these have helped to 
shape the recommendations presented later in this chapter.  
5.3.1 CONTRIBUTION TO EXISTING THEORY AND PRACTICE 
Throughout the four year research programme seven academic papers were produced (five 
conference papers published, one journal paper published and one journal paper in review at 
the time of submission). The first two conference papers have not been included in the 
appendix for brevity and the three conference papers selected for inclusion represent a 
stronger thread of the research. 
The five papers in the appendix have each made incremental contributions to existing theory 
and practice. Each paper is presented in turn with the key contributions identified. 
Materials & Energy Assessment in Ceequal Transport Projects (Appendix B) - This paper 
presented for the first time a statistical analysis of the section scores of a sample of Ceequal 
projects. Literature on Ceequal is scarce and this journal paper has given the wider research 
community a valuable piece of research that will assist many other research projects. The 
results of this work also gave the Ceequal management team the opportunity to reflect on the 
trends presented and recommendations made (explained further in section 5.4.3). 
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Developing a Framework for the Sustainability Assessment of Construction Products 
(Appendix C) - This paper consolidated the sustainability issues to derive the assessment 
framework into the document presented in Appendix A. This is a good example for other 
researchers that describes stepwise empirically derived framework development. The process 
is clear and relates to the overall aim of the research to develop a sustainability assessment 
framework for ready-mixed concrete.  
 
Validating a set of empirically weighted sustainability indicators for construction products 
(Appendix D) - This paper gave a view on which sustainability issues are the most significant 
to a construction products manufacturer. Carbon and waste were perhaps the obvious issues 
but health and safety (a very specific issue for construction but one that is not always 
connected to sustainability) and cost related issues were among the most significant. This 
piece of research has shown that there might be a link between a strong health and safety 
focus and a more traditional environmental/sustainability agenda. 
 
Testing an empirically derived sustainability assessment framework on a UK concrete 
manufacturer (Appendix E). The results of the trialling of the framework with London 
Concrete was presented in this paper. This paper presented not only the findings of the 
framework but gave specific data relating to the embodied CO2/m3 of some of the concrete 
mixes. This paper is currently being reviewed by the Journal of Industrial Ecology. Actual 
manufacturers data are often scarce in academic literature, the publication of this research 
paper will promote wider discussion on the topic of sustainable concrete. 
 
Internationalizing a UK-based sustainability assessment framework for construction products 
(Appendix F) - Testing the framework in another country provided useful feedback and gave 
further credibility to the application of the framework. This demonstrated the value in 
considering applications outside of the UK.  
The specific contribution to knowledge from this EngD research relates to three points: 
1. It has been demonstrated that it is possible to combine a range of sustainability issues 
related to the assessment of ready-mixed concrete in a way that is understandable and 
transparent 
2. The methodology for conducting such sustainability assessment has been described 
and presented such that it could be easily repeated for other product groups within the 
construction product sector or even further a field 
3. The sustainability assessment of products in isolation may not lead to the 
organisational competitive advantage that is perceived; the integration of sustainability 
issues into the management systems that underpin businesses is more likely to succeed 
and ultimately become more sustainable e.g. a number of sustainability issues are 
addressed through the ISO 14001 standard. 
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5.4 IMPACT ON THE SPONSORS AND WIDER INDUSTRY 
This EngD has been unique as it has two industrial sponsors, but each supporting the project 
in a different way. Aggregate Industries have been the employer of the research engineer and 
after two years into the EngD the research engineer was promoted to the position of Head of 
Sustainability. This meant that some aspects of the research could be directly applied as part 
of a job with line management and budgetary responsibilities. Support from BRE and in 
particular the BREEAM Materials team has been largely advisory.  
5.4.1 AGGREGATE INDUSTRIES 
During June 2011 the marketing department at Aggregate Industries approached the Head of 
Sustainability to seek advice on a new brand of sustainable products to be offered by the 
company. This brand was called ‘Life’; a cover of the brochure is shown in Appendix I. The 
timing was fortuitous as the assessment framework had been developed and the sustainability 
issues had been identified and weighted. A series of sustainability issues were suggested 
based on the framework, these being, carbon, non-virgin materials, water, durability and other 
characteristics (e.g. reduced time on site, health and safety benefits).  
Following a series of further discussions and review of existing marketing literature it was 
decided to concentrate (initially) on the three areas of carbon, non-primary materials and 
water (as part of a sustainable drainage system). 
Due to the work already carried out in the previous two years of the EngD it was possible to 
show how the embodied carbon of concrete varied depending on the use of non-primary 
materials such as PFA and GGBS (some other work had already been carried out by the 
research engineer on asphalt and aggregates). It was therefore relatively simple to calculate 
the embodied carbon of the products. A benchmark of 20% was agreed (based on the 
corporate objective to reduce carbon by 20% by 2012); this meant that a product had to 
demonstrate at least a 20% reduction in embodied carbon (or in use) against a comparable 
product/system to be recognised in the Life brand.  
Non-primary materials was the second criteria available within the Life brand. This could be 
recycled or secondary cementitious materials or aggregates. Recycled water is not included in 
the calculation which is based on mass percentage as defined by the mix design of a particular 
product. A large number of precast concrete products achieved the minimum requirement of 
45% non-primary material. This benchmark was set where a number of products that make 
claims regarding the use of such materials could be included in the Life range; however there 
were a few that did not meet this criteria.  
Water is a complicated issue. Part of the early discussion around water related to water 
footprinting of products but whilst the roll out of water meters and sub meters across the 
business is not yet complete it makes any meaningful quantitative analysis subjective. 
Sustainable Drainage Systems (SuDS) have been a commercial offer from Aggregate 
Industries for over eight years and it was therefore agreed that a SuDS solution would be 
included in the Life brand.  
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The Life brand was launched at Ecobuild in March 2012 with supporting statements from 
leading industry figures. The commercial teams were briefed on the Life brand and approach. 
Such a direct use of the EngD research could not have been envisaged at the start of the 
research programme. Whilst only a few aspects of the assessment framework have been 
adopted in the Life brand further aspects of the framework can be adapted to be used in a 
similar way; these are explained in section 5.6.1. 
5.4.2 BRE 
This research programme has been influenced by both the BREEAM scheme and the BES 
6001 Framework Standard for the Responsible Sourcing of Construction Products. The first 
work package investigated the impact of materials assessment in BREEAM projects and 
concluded that there did not appear to be any relationship between the average scores of 
projects overall and what these projects scored in the materials section. This work was shared 
with the BREEAM materials team and the recommendations were also passed to the 
BREEAM Technical Director. Among the recommendations was that two credits in particular 
should be removed as they were seldom answered and were highly dependent on a project 
having an existing façade/structure to keep. The BREEAM 2011 scheme does not have these 
credits in the materials section. The outputs of the research may have influenced or perhaps 
re-affirmed a decision that the BREEAM management were going to take, at the least the 
recommendations were aligned to what actually happened.  
Recommendations were made regarding the BES 6001 standard relating to the lack of 
economic indicators and having a very standards centric approach which does not particularly 
help the small and medium sized companies in the construction industry. The BRE will be 
consulting on amendments to version 2 of the BES 6001 standard in late 2012; they have been 
made aware of this research and will be inviting the author to take part in these stakeholder 
workshops to revise the BES 6001 standard for the industry in late October 2012.   
5.4.3 THE CONSTRUCTION PRODUCTS SECTOR 
The wider construction products sector will benefit from the BS 8905 standard launched in 
2011 entitled ‘Sustainability assessment of materials – Guidance’ and the subsequent case 
study based on this EngD (Appendix J). The author was part of the standards committee that 
wrote BS 8905 at a time the framework was being developed. Through this involvement BS 
8905 ended up becoming a more generic standard that could be applied to a wide range of 
materials and products. It was therefore important to acknowledge the key role BS 8905 had 
in the EngD research by preparing a case study whereby other organisations could learn from 
the application of this standard to their own product assessment methodologies.  
In a similar vein to the recommendations made as a result of meeting objective 1 to 
BREEAM, the management team at Ceequal also received some comments for consideration. 
These included a greater alignment between the relevant materials and energy questions and a 
greater emphasis on the responsible sourcing questions. Version 5 of the Ceequal manual was 
launched in summer 2012 and a significant change (amongst many) was the merging of the 
materials and waste sections in to a new Physical Resources section. Some of the questions 
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that overlapped between materials and energy were clarified and responsible sourcing was 
given a higher weighting than in previous versions.  The author was part of a materials expert 
group that helped to draft some of the revisions outlined. Table 5.1 summarises the key 
contributions for each of the key groups (excluding the industrial sponsors). 
Table 5.1 Impact of the Research 
Group Direct contribution/influence from the research 
BREEAM Suggested removal of two credits from the materials section in the BREEAM 
2008 manual relating to existing facades and structures 
Ceequal Suggested more tailored versions of the manual for transport related projects and 
greater emphasis on LCA 
BS 8905 Used as a basis for the development of the framework, a case study was produced 
(Appendix J) for wider industry 
BES 6001 Suggested improvements in stakeholder consultation. More focus on non-
environmental issues and making the standard more applicable for smaller 
businesses and products made outside of the EU where the reliance on standards 
can not be guaranteed 
 
5.5 CRITICAL EVALUATION 
A key part of academic rigour is the ability to objectively reflect on the research and offer a 
critical evaluation; this section does so against three key areas relating to the aims and 
objectives, the research methodology and the framework itself.  
5.5.1 MEETING THE AIMS AND OBJECTIVES 
Part of the requirements of an EngD is the balancing act of maintaining academic rigour to a 
business driven need and ultimate aim whereby the objectives have to be valid for both the 
industrial sponsors and the academic institution. The segregation of work packages aligned 
against the objectives of the research meant that it was possible to see if the objectives had 
been met. Taking such a discrete approach also meant that the EngD maintained a degree of 
flexibility as business needs often change over a four year period. The objectives were clearly 
designed for the industrial sponsor and as such demonstrating a contribution to the wider 
construction products sector may have been challenging; however the involvement with BS 
8905 and schemes such as Ceequal that have industry wide relevance helped to avoid this 
potential issue.   
5.5.2 RESEARCH METHODOLOGY 
The research took a pragmatic approach that included aspects of action research where the 
researcher is directly involved in the activities (interviews, surveys and focus group). The 
literature review was focused on the area of sustainable construction and materials 
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assessment; this was based on existing literature primarily from peer reviewed journals. This 
was supplemented with a review of industry activities/initiatives whilst not academically 
robust it did identify particular areas of work such as EPD development. The semi-structured 
interviews produced a hierarchy of drivers which could have been derived using more 
sophisticated methods such as Analytic Hierarchy Process (AHP) but this would have 
required a more structured interview/questionnaire and the discursive nature of the interview 
would have been lost. The focus group was similarly semi-structured where the discussions 
were confined to three general themes; this worked well but a follow up communication of 
what will be done would have been a useful exercise for further feedback. Due to time 
constraints this was not possible.  
The identification of stakeholders (for the interviews and focus group) is an area that could 
have been more robustly defined. The initial group of stakeholders interviewed were derived 
from existing contacts within the supervisory team to ensure a reasonable spread of 
interviewees for the primary research phase (objective 2). The focus group participants were 
largely selected from the authors own group of contacts which had increased during the 
course of the EngD.  
5.5.3 THE FRAMEWORK  
The application of the framework has been proven (albeit with a limited number of concrete 
mixes) both in the UK and in Canada. Beyond the results it is perhaps important to reflect 
objectively on whether Aggregate Industries can and should use this framework as it stands or 
not. Having spent considerable time developing this framework, trialling and reviewing it 
with external stakeholders the researcher suggests that there would be more ‘value’ to 
Aggregate Industries in taking the particular issues present in the framework and find a way to 
integrate them into standard business practices such as ISO 14001 accreditation and the 
management of site specific objectives and targets. The extension of these issues into the Life 
brand would also be a way to integrate these findings from an external customer perspective. 
Segregating sustainability issues into a separate ‘box’ might address short term or even 
medium term issues but ultimately the long term survival (sustainability) has to be the over 
riding factor. It is therefore more important to integrate aspects of sustainability into the 
everyday fabric of the business (Aggregate Industries); there will be an inevitable trade off as 
a number of issues will not have a natural place but those that do will be better managed and 
developed than existing as part of an additional requirement.  
Bias is a challenging issue to avoid in research; this research has clearly focused on a 
particular construction product and the development of an assessment framework for a 
construction products manufacturer which could be construed as biased. However this is an 
acknowledgment that whilst the aim of the research had a clear outcome steps were taken 
during the research to prevent unintentional bias e.g. the stakeholders identified (for the 
interviews and were taken from a broad range of interest groups). 
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5.6 RECOMMENDATIONS FOR INDUSTRY 
A key part of the EngD programme is how the research can have relevance to the industry 
within which the research has taken place. This EngD has recommendations for Aggregate 
Industries, BRE and the wider construction products sector. 
5.6.1 AGGREGATE INDUSTRIES 
As the framework was developed and tested in conjunction with Aggregate Industries the 
following recommendations are based on tangible evidence. Aggregate Industries should 
therefore: 
• Start some work to understand and communicate the in-use benefits of construction 
products (ready-mixed concrete in this case) 
• Examine how the end of life and future re-use of products can be designed into them 
in the first place 
• Produce a range of scenarios/case studies to demonstrate whole life costing of more 
durable products 
• Seek to integrate the core aspects of the assessment framework in to existing 
procedures such as the objectives and targets requirements of ISO 14001 
• Update the Life brand to include durability and whole life costs as product 
differentiators 
• Take a specific system or construction solution (rather than a product) and see how it 
could be expanded in to different markets e.g. refurbishment 
Aggregate Industries has a range of company plans relating to waste, water, carbon, transport, 
community and biodiversity. As this framework has developed a broader view of 
sustainability it is also recommended that Aggregate Industries reviews these plans and 
extends the scope of the sustainability issues covered.  
The use of the assessment framework has been limited to that of Aggregate Industries as it 
was designed to be a business improvement tool rather than a means to communicate broader 
sustainability credentials to customers. As assessment schemes such as BREEAM and 
Ceequal and standards such as BES 6001 are updated and reviewed it is very important that 
Aggregate Industries are recognised and involved in these consultations to support the 
direction towards a more balanced view of sustainability assessment.  
5.6.2 BRE 
The BRE are a unique organisation; part of which is involved with certification and another 
which is developing standards (amongst other things). As such some of these 
recommendations are specific to particular parts of BRE and others are more generic. 
The BREEAM scheme was updated in 2011 with some changes in the credits relating to how 
materials are assessed and an extension of the scope of products that are covered under 
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responsible sourcing. The Green Guide to Specification (Anderson et al, 2009) which 
underpins some of the credits within the materials section will be updated to align against the 
BS EN 15804 standard. Therefore it is recommended that the BREEAM Materials Team: 
• Seek to align the Environmental Profiles methodology to BS EN 15804 by working 
with the various construction product groups 
• Engage with leading construction product manufacturers in relation to the 
development of BES 6001 version 3 
The last recommendation above directly relates to the assessment framework. Part of this 
research has identified that the current version of the BES 6001 standard does not truly 
address economic issues and that it is very standards centric. It is therefore hoped that the 
revised BES 6001 standard will be: 
• Developed by consensus with industry 
• Include economic issues as part of the assessment 
• Acknowledge that parts of the supply chain will not necessarily have all the standards 
in place that larger companies already have  
• More applicable in a broader geographic and product context 
The effective communication of the BES 6001 standard throughout the construction products 
sector will help to improve sustainability assessment for the whole sector whilst also 
improving the profitability of the BRE Responsible Sourcing scheme.  
5.6.3 THE CONSTRUCTION PRODUCTS SECTOR 
The construction products sector is represented in the UK by the Construction Products 
Association (CPA) which is an effective lobbying organisation and also convenes specific 
groups on technical, sustainability and matters relating to external affairs. The sustainability 
group is particularly active and regularly seeks to engage with other parts of the supply chain 
and government departments. In order to communicate the broad approach used in this 
research the CPA will be asked to circulate the BS 8905 case study (Appendix J) to the 
members of the sustainability group. As mentioned in chapter 2 a number of emerging issues 
(CE marking and EPDs) will become increasingly relevant to the construction products sector 
this research recommends that the construction products sectors (individual companies and 
trade associations) should: 
• Take an active role in the development of CE marking and EPDs for their respective 
construction products 
• Effectively lobby government and policy makers on forthcoming EU guidelines on 
resource efficiency 
• Become more transparent and share EPD information with the CPA so that the UK 
industry is seen as a leading source of such data 
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• Further engage with the Responsible Sourcing standards available (some product 
sectors are yet to fully embrace this concept) 
Some of these recommendations have been made following the literature review in chapter 2 
whilst others are closely linked to responsible sourcing. The current BES 6001 standard has 
weaknesses (as described in the previous section) but does represent the best available 
interpretation of responsible sourcing and product stewardship for the construction products 
sector in the UK.  
More fundamentally Aggregate Industries (and indeed other manufacturers) need to consider 
where the produced responsibility stops, how far can product stewardship be enforced both up 
and down the supply chain to the ultimate consumer? 
5.7 FURTHER ACADEMIC RESEARCH 
This EngD research programme has identified some further research questions that could be 
answered by specific research projects or doctoral level studies. The areas of further research 
fall into three key areas: 
1. Is an equal view of social, environmental and economic issues relevant for 
construction? The often quoted triple bottom line is used as an approximation for 
sustainable development (indeed this EngD has done the same) but is such an 
approach valid for the UK construction sector? There is a growing appreciation of 
sustainable procurement in the construction sector which could benefit from further 
research. 
2. Can EPDs link to Responsible Sourcing and Product Stewardship principles? 
This research has identified the potential proliferation of EPDs over the next few 
years. How could this be linked to the parallel concept of responsible sourcing and 
product stewardship? Are there any synergies for the construction product sector in 
doing so? What benefit could this have to other groups in the construction sector e.g. 
architects and contractors using the information in different ways. 
3. How can traditional heavy side construction materials (like concrete) be 
incorporated into sustainable construction systems commercially? This EngD has 
focused on a particular product group (ready-mixed concrete). An extension would be 
the use of concrete in a system that would have in-use benefits in terms of energy 
efficiency. There are often one-off projects that are innovative but the 
commercialisation and scale up of such sustainable concrete systems would be a 
valuable piece of research. 
Aggregate Industries intends to support the third research area with the establishment of 
another Engineering Doctorate at Loughborough University. 
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5.8 SUMMARY 
This chapter has presented the findings and implications of the EngD research. The impacts 
on the two industrial sponsors and the wider construction products industry has been 
acknowledged. In particular the launch of the Life brand of products represents the tangible 
impact this research has had on Aggregate Industries. The research has been critically 
evaluated and concluded that the assessment framework has more value to Aggregate 
Industries if aspects of it are integrated into the existing standards and procedures for the 
business. A series of recommendations are made for Aggregate Industries, BRE and the wider 
construction products sector including the need for Aggregate Industries to better understand 
the in-use aspects of construction products and broader economic issues in product 
assessment. This EngD has highlighted the need for further specific research in particular the 
need to focus on sustainable construction systems as an extension to the focus on sustainable 
products. The findings collectively will form part of the future sustainability strategy for 
Aggregate Industries.   
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This assessment framework is the product of the Engineering 
Doctorate at Loughborough University which is a collaborative work 
between Aggregate Industries and BRE supported by funding 
through the EPSRC 
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PARTICIPATING ORGANISATIONS 
 
LOUGHBOROUGH UNIVERSITY 
Loughborough University is a leading Higher Education establishment in the UK. Loughborough is 
consistently ranked amongst the top 20 universities in the country with particular strengths in sports 
and engineering. The School of Civil and Building Engineering is home to the Centre for Innovative 
and Collaborative Construction Engineering (CICE) through which the four-year Engineering 
Doctorate (EngD) programme is managed. CICE has over 13 years of experience of working with 
industry to produce high quality academic work with direct industrial benefit. The EngD is supported 
by funding through the Engineering and Physical Sciences Research Council (EPSRC).  
 
AGGREGATE INDUSTRIES 
Aggregate Industries UK Ltd is a construction and building materials company which has innovation in 
sustainable products at the core of its strategy. Aggregate Industries exhibits leadership behaviour 
through the development and launch of products tackling a wide range of global and local 
environmental issues. The first company to adopt the BRE framework standard for Responsible 
Sourcing (BES 6001:2009
1
) and a Founding Member of the UK Green Building Council, Aggregate 
Industries is keen to lead the construction sector in the development of sustainability criteria in 
materials assessment. 
 
BRE 
BRE (formerly known as the Building Research Establishment) was part of the UK Government until 
1997 and is now run as a charitable trust. The BRE has been at the forefront of sustainability in the 
built environment since its conception over 80 years ago. The UKs leading building assessment 
scheme; BREEAM and the Code for Sustainable Homes have been developed by BRE. The BRE’s 
‘Green Guide to Specification’
2
  is an assessment tool based on the BRE Environmental Profiles 
methodology for materials selection for building construction. BRE has extensive testing facilities and 
technical expertise in a number of building related disciplines.  
 
INPUT FROM OTHER SOURCES 
Outside of the sponsoring organisations a number of other individuals and associations have helped 
to shape this research either by directly commenting on the work or via questionnaires and 
interviews, particular thanks go to: Responsible Solutions, Surrey University, the Mineral Products 
Association and the British Precast Concrete Federation.  
 
 
 
 
 
 
                                                 
1
 BRE, BES 6001:2009, Framework Standard for the Responsible Sourcing of Construction Products. 
2
 Anderson, J., Shiers, D. & Steele, K. (2009) Green Guide to Specification, Fourth Edition, BRE Global, 
Garston, UK. 
DEVELOPING A SUSTAINABILITY ASSESSMENT FRAMEWORK FOR READY-
MIXED CONCRETE 
 
88 
Issue 0.1 Framework Standard for the Sustainability Assessment of 
Ready-mixed Concrete 
DRG 7001 
March 2012 Page 4 of 19 
 
FOREWORD 
Sustainability assessment in the construction sector is well established in the UK primarily driven by 
the use of assessment tools such as BREEAM (BRE Environmental Assessment Method
3
) and Ceequal 
(the project and awards scheme for improving sustainability in civil engineering and public realm 
works
4
). The role of materials and products is acknowledged in such schemes, but the assessment is 
usually focused on the environmental issues with some thought given to the social issues of the 
product; economic considerations are often neglected. Responsible sourcing has emerged as a 
complementary product focused system of assessment but still has the same emphasis on 
environmental issues. During 2008 the need for a more holistic approach to sustainability assessment 
for construction products became clear and this research project adjusted to fulfil this need. During 
2010 this clear gap in sustainability assessment was partially filled by a standard from the British 
Standards Institute (BSI) entitled BS 8905 ‘Framework for the assessment of the sustainable use of 
materials – Guidance’
5
  however the approach was generic and required further work to establish a 
sector/product specific application. This development allowed the setting of clear objectives to 
support the aim of the research; i.e. to “develop a sustainability assessment framework for ready-
mixed concrete”. In order to fulfil this requirement Aggregate Industries and BRE agreed to co-
sponsor an EngD within the School of Civil and Building Engineering at Loughborough University. 
 
SCOPE  
This framework is intended to be used by Aggregate Industries to better understand the 
sustainability impacts of ready-mixed concrete and associated claims about the material’s 
credentials. The underlying approach could be extended in the future to assess other product groups 
such as asphalt and aggregates. The outputs of the assessments present a profile of the products and 
a more holistic view of the sustainability credentials of ready-mixed concrete. The general principles 
of the framework will also be presented to the wider construction products sector as a case study to 
showing the application of BS 8905
5
.  Once this robust framework is established within Aggregate 
Industries, it is envisaged that strategic decisions regarding the actual mix design of ready-mixed 
concrete products, the production process and the management of the plant can be made more 
easily. It will also act as a guide for those who wish to manufacture more sustainable products. The 
framework is current for the level of measurement and monitoring of sustainability issues in 
Aggregate Industries in 2010; there are areas that will need to be revised as other tools are used to 
improve on the current level of understanding, e.g. LCA (question 6.1).  
 
 
 
 
 
 
 
                                                 
3
 www.breeam.org 
4
 www.ceequal.com 
5
 BSI (British Standards Institute) BS 8905:2011, Framework for the assessment of the sustainable use of 
materials – Guidance. 
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METHODOLOGY 
Sustainability is often referred to as the triple bottom line and consists of social, environmental and 
economic aspects. In order to remain true to this approach and follow the guidance found in BS 
8905
6
, a set of key issues associated with these three aspects were identified as part of an interview 
process with 25 external stakeholders and combined with some issues included in the BES 6001 
Responsible Sourcing Framework Standard for Construction Products and other leading assessment 
schemes such as BREEAM and Ceequal
7
. These issues were then subject to a weighting exercise with 
internal stakeholders (i.e. employees of Aggregate Industries). The issues were grouped according to 
the main aspect of sustainability to which they aligned. The weighting process was such that social, 
environmental and economic issues were treated in isolation so that the weighting occurred within 
each aspect. The direct aggregated weightings were then applied to the relevant question and the 
scores calculated based on a nominal total score of 20 points (for each of the three aspects). The 
three aspects of sustainability are therefore considered equally to present a balanced view of the 
assessed product. The issues were then allocated against the relevant part of the product lifecycle 
from the product, manufacture and use phases. Concrete can be recycled at the end of its use into 
aggregate; this is referred to down-cycling where the product is used in a lower grade use than the 
original application. In future revisions of this framework, life cycle assessment methodology may 
have developed sufficiently to take into account any end of life impacts.  
 
DEFINITIONS 
Additives - Any chemical component that is added to the concrete mix that will have some technical 
impact i.e. reduced water content, resistant to certain chemical attack or any number of other items. 
Carbon footprint - Embodied CO2 impacts of the product 
Company claim – An indication from a technical source (verbal or documented) that the product has 
been designed to achieve particular characteristics not found in standard products 
GGBS - Ground Granulated Blast Slag used as a cement replacement 
LCA - Life Cycle Assessment      
OPC - Ordinary Portland Cement, PFA - Pulverised Fly Ash used as a cement replacement 
Third party/case study – Information provided by another organisation (not Aggregate Industries) 
 
 
 
 
 
 
 
 
 
                                                 
6
 BSI (British Standards Institute) BS 8905:2011, Framework for the assessment of the sustainable use of 
materials – Guidance. 
7
 Ghumra, S., Glass, J., Frost, M. W., Watkins, M. and Mundy, J. (2011) “Materials & Energy Assessment in 
Ceequal Transport Projects”, Proceedings of the Institution of Civil Engineers Transport 164(3), 153-164. 
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Product Assessment 
 
LCA/CARBON FOOTPRINT OF MIX 
Life Cycle Assessment (LCA) has become a mechanism to better understand the environmental 
impacts of a product or service for part (or all) of its life. There is a suite of international standards 
relating to LCA 
8
, different approaches or methodologies can be used to conduct an LCA which can 
make comparisons difficult. Carbon (used as a proxy term for carbon dioxide) footprinting is a 
streamlined LCA that looks specifically at one environmental impact. There are standards available to 
conduct carbon footprinting 
9
 studies. There are also a range of policy instruments active in the UK 
that link the emissions of carbon to taxes and costs.  
The raw material components of ready-mixed concrete have different embodied carbon impacts; the 
purpose of this question is to benchmark the particular product being assessed against a similar 
product that does not have any aggregate or cement replacement (as such replacements are the 
most sensitive to carbon emissions on a per m
3
 basis). It is also important that the benchmarking 
product is of a similar strength and slump to ensure a like for like comparison. The particular 
thresholds shown in question 6.1.1 were determined on a range of different products containing 
100% OPC, 30% PFA, 50% GGBS and secondary aggregates.  The scope of the carbon emissions is 
limited to the embodied (process and raw materials) impacts, or cradle to gate. 
 
Question Description Score 
6.1.1 Has there been a reduction in embodied CO2 based on a 
standard mix using 100% virgin materials by: 
a) 15%  to 20% 
b) 20% to 30%  
c) over 30%  
 
 
2 
4 
5 
Evidence: Provide documentary evidence such as a mix design for the benchmarking product with 
the carbon impact expressed as kgCO2/m
3
 and the mix design for the assessed product with the 
carbon impact expressed as kgCO2/m
3
; a summary of the percentage reduction applicable must also 
be shown (accurate to two significant figures). 
 
 
 
 
 
 
 
                                                 
8
 ISO (International Organization for Standardization), 2006. ISO 14044:2006, Environmental Management – 
Life Cycle Assessment – Requirements and guidelines. 
9
 BSI (British Standards Institute) BS EN 15804:2012 Sustainability of construction works. Environmental 
product declarations. Core rules for the product category of construction products 
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WATER 
Water is becoming an increasingly important issue from a sustainability measurement perspective. A 
range of indicators and standards are available to assess the water usage (sometimes referred to as a 
footprint) of a product or service
10
. Water is a key component of ready-mixed concrete (typically 
around 7% as a mass fraction for a C40 mix of ready-mixed concrete) and plays a significant role in 
the strength and slump characteristics of the end product; this is usually documented as the water to 
cement ratio. The purpose of this question is not to assess the mains water consumed within a cubic 
metre of ready-mixed concrete, but to establish if any additives have been used to reduce the 
volume of water required i.e. water reducing admixtures, and secondly whether this water has come 
from a non-mains source. The use of an additive may have other impacts, such as increased 
embodied carbon compared to the water it has displaced, but these are not included at this stage of 
the assessment. The Life Cycle Assessment question (question 6.1.1) will take these impacts into 
account.  
Question Description Score 
6.2.1 Has there been a reduction (at least 5% by volume*) in 
mains water consumption through the use of any additives 
compared to a similar mix without such additives? 
1 
Evidence: Provide documentary evidence such as a mix design for the same type of concrete with 
and without the additive to show at least a 5% difference by volume. 
*It is accepted that additives can have a range of properties of which water reduction is sometimes 
the secondary attribute. Plasticizers and other chemicals can be used to improve curing times and 
make the concrete resistant to particular conditions e.g. sulphur resistance. The nature and use of 
additives can also vary within the UK and between different mix designs. The 5% by volume reduction 
should be achievable with the inclusion of most additives; data ranges suggest reductions of up to 
25% by volume are achievable.  
 
Question Description Score 
6.2.2 Does the manufacturing process make use of recycled water 
on site/in the production process? 
2 
Evidence: Provide documentary evidence such as site plans showing water recycling facilities and 
points of entry and usage. The water can be sourced from a number of locations including 
abstraction, run-off or other non-mains sources. 
 
 
 
 
 
 
 
                                                 
10
 ISO (International Organization for Standardization), 2012. ISO/CD 14046: In development, Life cycle 
assessment -- Water footprint -- Requirements and guidelines 
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RECYCLED/SECONDARY CONTENT 
There is an increasing focus on the use of recycled and secondary materials in many different 
industries; this is partly to reduce waste and to preserve natural resources. The replacement of 
aggregates and OPC in ready-mixed concrete is not a new phenomenon; what has changed more 
recently is the willingness of contractors to extend beyond the normally accepted boundaries of 
aggregate and cement replacement
11
.  The use of recycled aggregate in ready-mixed concrete 
remains one of the biggest challenges for the sector, partly due to the inconsistent quality and type 
of materials coming from demolition waste and the availability of such materials in certain markets. 
Secondary materials such as Cornish Granite (or Stent) from the China Clay extraction process have 
been proven as an acceptable aggregate replacement on prestigious projects such as the London 
2012 Olympics (REF).  PFA and GGBS have also been used as cement replacements; typical values of 
cementitious content are 30% for PFA and 50% for GGBS, there are other considerations such as the 
colour of the resulting concrete and the impact the use of such replacements has on curing time. 
These questions simply assess the mass percentage of aggregate and cement replacement in a cubic 
metre of the ready-mixed concrete product being assessed. The thresholds are based on industry 
statistics as an average level of replacement across the sector
12
. 
Question Description Score 
6.3.1 What proportion of the virgin aggregate been replaced with 
secondary or recycled material (by mass percentage)? 
a) At least 10% 
b) At least 15% 
 
 
1 
2 
Evidence: Provide documentary evidence such as the mix design for the assessed concrete product 
showing the mass (kg) and percentage of the aggregates and the replacement aggregates. 
 
Question Description Score 
6.3.2 Has at least 25% of OPC been replaced with secondary or 
recycled material (by mass percentage)? 
2 
Evidence: Provide documentary evidence such as the mix design for the assessed concrete product 
showing the mass (kg) and percentage of the OPC and the cement replacement. 
 
 
 
 
 
 
 
 
 
 
 
                                                 
11
 London 2012 Olympics Learning Legacy website; www.learninglegacy.london2012.com 
12
 The Sustainable Concrete Forum 2010 Sustainability; www.sustainableconcrete.org.uk 
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ADDING VALUE TO RAW MATERIALS 
This question is deliberately flexible as ‘adding value’ is a very organisational specific question. 
Description of what ‘adding value to raw materials’ means should be added here. 
Question Description Score 
6.4.1 Specific questions relating to how value is added to raw 
materials  should be added here 
Maximum score 
of 4 
Evidence: Provide documentary evidence which demonstrates compliance to the question. 
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Manufacture Assessment 
 
WASTE 
There is a growing concern in the construction industry relating to the amount of waste generated at 
various stages of the supply chain. The Government Strategy for Sustainable Construction 
13
 has set 
out a clear target to reduce the amount of waste sent to landfill by 50% by 2012 on a 2008 baseline.  
Sending waste to landfill is becoming increasingly costly primarily being driven by the landfill tax 
escalator whereby landfill will cost up to £80/tonne by 2014/15 
14
.  
There are two main categories of waste that are sent to landfill, inert waste and non hazardous 
waste. This question reflects this classification and while the scores are not in direct proportion to 
the costs of landfill for these two types, they are indicative; i.e. non-hazardous waste is more costly 
to landfill than inert waste.  
Question Description Score 
7.1.1 Was any inert waste sent to landfill in the previous full year? 
(answer must be zero to score) 
1 
Evidence:  Provide documentary evidence such as waste records for the full calendar year prior to 
the assessment.  
 
Question Description Score 
7.1.2 Was any non hazardous waste sent to landfill in the previous 
full year? (answer must be zero to score) 
4 
Evidence:  Provide documentary evidence such as waste records for the full calendar year prior to 
the assessment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
13
 HM Government (2008) Strategy for Sustainable Construction. Department for Business Innovation and 
Skills. London HMSO. 
14
 Landfill Tax Escalator extended to 2014/15  –article; www.letsrecycle.com/news/latest-
news/general/chancellor-extends-landfill-tax-escalator-until-2014 
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BIODIVERSITY 
The quarrying industry has a long history of proactive and sensitive land management practices and 
in particular a good understanding of biodiversity. The attention given to biodiversity as a separate 
issue amongst the sustainability agenda has gained prominence in recent years 
15,16
.  
Organisational context 
Aggregate Industries has developed biodiversity action plans for many of the larger operations that 
have the highest levels of biodiversity. There are some ready-mixed concrete operations that are 
located in an existing quarry and therefore are part of site-wide programmes; there are however 
other operations that are located in industrial estates and more built up areas.  
 
This question asks about the presence of a biodiversity action plan; the range of activities in such a 
plan will vary greatly depending on the location of the plant. In extreme circumstances the contents 
of the plan may be minimal, but this question is more focused on the due consideration of 
biodiversity and awareness of the issue at the operational level.   
Question Description Score 
7.2.1 Is there a Biodiversity action plan in place for the site? 3 
Evidence:  Provide documentary evidence such as a Biodiversity action plan for the site; the plan 
should be current and reviewed at appropriate intervals, i.e. annually for a site that has high 
sensitivity to biodiversity or at least every three years for a site with little biodiversity.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
15
 Defra (2011) Natural Environment White Paper. www.defra.gov.uk/environment/natural/whitepaper/ 
16
 2010 declared International Year of Biodiversity; http://www.iucn.org/iyb/ 
DEVELOPING A SUSTAINABILITY ASSESSMENT FRAMEWORK FOR READY-
MIXED CONCRETE 
 
96 
Issue 0.1 Framework Standard for the Sustainability Assessment of 
Ready-mixed Concrete 
DRG 7001 
March 2012 Page 12 of 19 
 
TRANSPORT  
The transportation of ready-mixed concrete is an issue that can affect all three aspects of 
sustainability. There are direct environmental concerns with tailpipe emissions, there are cost 
implications due to haulage efficiency and input fuel costs and there are social considerations in 
relation to impacts on the local community. 
The transport indicator was selected as average radial miles per load which will give an indication of 
the efficient use of transport which in turn will be more cost effective and also mean that vehicles 
are not travelling large distances to projects. It is accepted that the transport will be affected by the 
location and scale of projects, which is particularly true for the sample set of 12 plants within the 
M25 region around London.   
Based on this sample set of 12 plants, the average radial miles per load for 2010 was obtained. The 
data range was split into quartiles and the threshold for scoring based on the second quartile and 
upper quartile of performance.  
 
Question Description Score 
7.3.1 What was the average radial miles per load for all deliveries 
at the plant for the previous full calendar year? 
a) average radial miles/load between x and x 
b) average radial miles/load less than x 
 
 
2 
3.5 
Evidence: Provide documentary evidence such as the average radial miles travelled per load for the 
previous full calendar year.  
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EMPLOYMENT & SKILLS/ HEALTH & SAFETY  
The social benefit of employment is often overlooked and its association with product manufacture 
largely ignored. There has been a significant shift in better understanding the competencies required 
by employees in a number of commercial and operational roles at Aggregate Industries. Training 
records are essential in maintaining a fully trained and competent workforce, which is beneficial to 
both the individual and the organisation. This question seeks to ensure that the relevant records are 
in place for all staff on the ready-mixed concrete site.  
Question Description Score 
7.4.1 Are all staff on site deemed competent? 1 
Evidence: Provide documentary evidence such as HR training records, CPD records, certificates of 
operational licences for mobile plant or completed competency matrices. 
 
Closely linked to the issue of training and competence is health and safety. In many construction 
companies there is a real drive to reduce the number of accidents in the sector. Many report health 
and safety incidents as Lost Time Injury Frequency Rate, a measure of the number of lost times per 1 
million hours worked. A lost time is an incident where the injured party has not returned to work 
within three working days.  
Question Description Score 
7.4.2 a) Have there been any Lost Time Injuries in the past year? 
(answer must be zero to score) 
b) Have there been any Lost Time Injuries in the past 3 
years? (answer must be zero to score) 
a) Have there been any Lost Time Injuries or medical 
treatment injuries in the past 3 years? 
 (answer must be zero to score) 
2 
 
4 
 
5 
Evidence: Provide documentary evidence such monthly health and safety statistics showing the 
number of lost time injuries over the past 3 full calendar years for the ready-mixed concrete plant.  
NB: If a ready-mixed concrete plant does not have records for the past three years then all available 
data must be used. 
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COMMUNITY ENGAGEMENT  
The social interaction of the staff at a plant with the community around it is another aspect of 
sustainability that is often under-reported. This can take many forms, from donations of cash directly 
for projects or through sponsorship; donation of time to schools and other volunteering work; 
donations of products for deserving projects and spending time with people from a range of 
backgrounds/purposes i.e. students, customers, members of the public etc. A complaint that results 
in a visit by a member of the public can be recorded as community engagement.  
Organisational context 
Aggregate Industries has a strong history of community engagement at the larger locations and there 
are some examples of good community engagement at smaller sites, but often the emphasis has 
been on one type of engagement or another. The purpose of this question is to recognise sites that 
have actively engaged with their communities.  
 
Question Description Score 
7.5.1 Is there a Community engagement plan in place for the site? 2 
Evidence: Provide documentary evidence such as letters of thanks, records of hours during which 
time was donated to a project/establishment, proof of delivery of products donated and visitor 
induction records. 
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CONTRIBUTION  
This question is deliberately flexible as ‘contribution’ is a very organisational specific question. 
Products need to make some contribution to the organisation’s position and need to add value. As 
part of product development there will be an appreciation of what the targeted contribution would 
be.  
Description of what ‘contribution’ means should be added here. Contribution could be interpreted as 
a mixture of social, environmental and economic issues or a specific single metric. 
Question Description Score 
7.6.1 Specific questions relating to the contribution of the product Maximum score 
of 6 
Evidence: Provide documentary evidence which demonstrates compliance to the question. 
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PLANT EFFICIENCY  
The effect of the operational equipment that manufactures the product is a key component in the 
life-cycle of a product. Whereas the specific impacts of mixing are relatively small in comparison to 
the impacts of the constituent materials, increased plant efficiency has consequential effects such as 
reduced down time, higher levels of customer service and a more proactive maintenance regime. 
Some ready-mixed concrete plants do not measure the plant utilisation in the same way, therefore to 
create a consistent approach the following method shall be applied: the m
3
/hr rate shall be 
multiplied by 700 to give a theoretical annual volume, the full previous calendar year production 
figure is then divided by this theoretical volume to derive the overall utilisation.  
It is appreciated that some plants operate different hours per annum, but a figure of 700 hours is 
based on empirical data from 12 ready-mixed concrete sites where the highest level of plant 
utilisation was xx%. The data range was split into quartiles and the threshold for scoring based on the 
second quartile and upper quartile of performance.  
Question Description Score 
7.7.1 Was the plant utilisation (based on the full previous calendar 
year): 
a) between xx% to xx%?   
b) xx% or more?  
 
 
2 
4 
Evidence: Provide documentary evidence such as the theoretical m
3
/hr rate and the annual 
production for the previous full calendar year. Alternatively some businesses may be reporting on 
plant utilisation through mechanisms such as OEE (Operational Equipment Efficiency) which are 
equally valid as evidence of plant utilisation as long as current and future assessments continue to 
use the same methodology for the calculation of plant utilisation.  
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Use Assessment 
 
DURABILITY 
Concrete in general is regarded as a durable material; there are examples of concrete buildings that 
are hundreds of years old. There are however specific concrete products that are particularly durable 
and used in heavy industrial applications such as waste handling areas. A product that is more 
durable may have higher environmental impacts during manufacture, but over the lifetime of the 
product can prevent repeated maintenance or at least reduce the intervals for such maintenance.  
This question asks whether the product being assessed is more durable than a standard product. 
Initially a technical person should be consulted to see whether the product has been designed to be 
more durable (this could be through the inclusion of special additives or higher cementitious content 
for example). This company claim may also be included in product literature. 
Question Description Score 
8.1.1 a) Is there a company claim to improved durability of the 
product against a standard product? 
b) Has such a claim been verified by a third party or through 
a specific case study? 
 
2 
 
5 
Evidence: Provide documentary evidence such as company literature (for part a) and a note of a 
verbal confirmation stating the source of the claim i.e. a particular additive. For part b there needs to 
be a third party assessment of the claim or a case study on a real project (includes a trial with a third 
party) demonstrating the increased durability of the project over a defined project life cycle.  
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Product Properties 
The sustainable use of materials means that products are increasingly being considered as part of a 
system and characteristics of a product are often aggregated to demonstrate the performance of a 
building element c.f. the BRE Green Guide to Specification
17
. There are many other properties of 
concrete in addition to durability for instance thermal mass for which the benefits of concrete are 
well documented
18
.  
This question recognises these additional product properties, such as improved thermal 
performance, resistance to chemical attack or corrosion. Many such properties will already be 
designed into a product.  
Question Description Score 
8.2.1 How many additional benefits to the user/installer of the 
product; defined as not durability related i.e. improved 
thermal performance: 
a) One?   
b) Two or more?  
 
 
2 
3.5 
Evidence: Provide documentary evidence such technical documentation showing how the additional 
benefits are achieved.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
17
 Anderson, J., Shiers, D. & Steele, K. (2009) Green Guide to Specification, Fourth Edition, BRE Global, 
Garston, UK. 
18
 MPA:TCC Article on the benefits of thermal mass in concrete; 
www.concretecentre.com/technical_information/performance_and_benefits/thermal_mass.aspx 
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WHOLE LIFE COST 
Many products are purchased based on the basis of a judgement on their initial capital cost rather 
than the whole life cost. There are examples where government intervention has forced this to 
change? E.g. through certain product groups, such as light bulbs
19
. There are particular construction 
contracts that allow such whole life approaches to be adopted such as DBFO (Design Build Finance 
Operate) contracts. This issue is closely related to question 8.1 (durability). There has been increasing 
focus on whole life costing as part of the procurement process from recent UK government reports
20
.  
This question asks if due consideration has been given to the whole life cost of the assessed product.  
Question Description Score 
8.3.1 a) Is there a company claim to reduced whole life costs of 
the product against a standard product i.e. through reduced 
maintenance? 
b) Has such a claim been verified by a third party or through 
a specific case study? 
 
3 
 
6 
Evidence: Provide documentary evidence such as company literature (for part a) and a note of a 
verbal confirmation stating the source of the claim i.e. a particular cost benefit. For part b there 
needs to be a third party assessment of the claim or a case study on a real project (includes a trial 
with a third party) demonstrating the increased cost effectiveness of the project over a defined 
project life cycle 
 
 
                                                 
19
 Daily Mail article referencing the phasing out of traditional light bulbs; www.dailymail.co.uk/news/article-
1107290/Revolt-Robbed-right-buy-traditional-light-bulbs-millions-clearing-shelves-supplies.html  
20
 HM Government (2011) LOW CARBON CONSTRUCTION ACTION PLAN - Government response to the 
Low Carbon Construction Innovation & Growth Team Report. London HMSO. 
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Abstract 
 
The growing prominence of sustainability assessment and carbon calculators in the transport 
sector has lead to a greater general awareness of the sustainability issues associated with 
infrastructure projects. Ceequal, the assessment and awards scheme for improving 
sustainability in civil engineering and public realm projects, is identified as the leading 
methodology for assessing such projects in the UK. Ceequal evaluates sustainability by 
asking questions over 12 sections, including Material and Energy use, which previous 
research has identified as important topics for transport projects.   
 
This paper presents analysis of 24 Ceequal projects which are transport-related. It shows that 
high scores in the material use category have a high correlation to overall project scores. 
Conversely scores in the energy usage section appear to show little relation to overall project 
performance. An evaluation of road projects within those assessed reveal a number of what 
can be considered core transport topics and other topics that have little impact on the overall 
Ceequal score. Therefore recommendations are made for the development of Ceequal, 
including the rationalisation of material and energy question sets. The methodology outlined 
in this work could also be extended to the remaining 10 Ceequal sections to develop a suite of 
more specific assessment schemes focused on different categories of civil engineering 
projects. 
 
 
Keywords - energy, sustainability, transport 
 
Paper type - Published peer reviewed journal  
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1. Introduction  
UK transport infrastructure is a diverse and complicated asset. Large transport projects 
frequently make headline news and are often characterised as negative from an environmental 
perspective. The growth of the UK economy has been underpinned by a strong transport 
infrastructure, but the management and expansion of this asset must be done so in a 
demonstrably sustainable manner.  
 
Ceequal is “the assessment and awards scheme for improving sustainability in civil 
engineering and public realm projects” It aims to improve the sustainability of projects from 
initial specification, through the design stage and on to final construction (Ceequal, 2010) by 
assessing sustainability across 12 core topics. Ceequal is supported by the Institution of Civil 
Engineers, Construction Industry Research and Information Association (CIRIA); Civil 
Engineering Contractors Association (CECA), Association for Consultancy and Engineering 
(ACE) and a wide range of other industry organisations.  It is considered as the mainstream 
assessment methodology for civil engineering works and has been used on a number of major 
projects including those connected with the London 2012 Olympic Games (Ceequal, 2009).  
 
In the wider construction industry the growing focus on sustainability and more specifically 
environmental issues has been further galvanised through the development of an increasing 
number of carbon calculators and assessment schemes (Ghumra et al, 2009). More focus has 
been given to the built environment via well developed schemes such as 3. Building Research 
Establishment Environmental Assessment Method (BREEAM) and the Code for Sustainable 
Homes, but developments in such assessments for civil infrastructure projects have been 
slower to emerge (Ghumra, 2009). Consequently this research has been undertaken to 
understand specifically material and energy performance of projects that use Ceequal and to 
make recommendations for the long term improvement of the assessment methodology to 
match the more robust analysis used in other construction sectors.  
 
Whilst it is acknowledged that ‘materials’ and ‘energy’ are only two of 12 sections assessed in 
Ceequal these represent two of the most significant challenges in addressing climate change 
and are themselves inexorably linked. By focusing on ‘materials’ and ‘energy’ assessment in 
a sample of Ceequal projects, it is envisaged that the research outputs can feed directly into 
forthcoming Ceequal revisions and updates for infrastructure. The objectives of this work are 
to understand the relationships between overall Ceequal project scores and section scores for 
materials and energy for a sample of Ceequal projects that are transport-related; i.e. road, rail 
or bridge focused. This will allow comparisons to be made between the different transport 
project types; as these areas are significant for such projects.  
 
The paper also discusses drivers for the focus on materials and energy in terms of policy from 
the Government and initiatives from the private sector. The results identify key trends within 
the Ceequal materials and energy categories for the selected projects. The subsequent 
discussion and analysis probe further into selected road projects within the group analysed 
and reveal a number of topics that can be identified as core areas for such schemes have little 
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impact on the overall Ceequal score. Recommendations are therefore made for the 
development of Ceequal including the rationalisation of materials and energy question sets 
and the application of the methodology developed to other civil engineering project types.  
 
2. Background 
Sustainability assessment in the UK has developed over the past few years. This section 
identifies the key policy drivers relating to construction and gives an overview of BREEAM 
and Ceequal. Two key sub-sections in assessment methodology; life cycle assessment (LCA) 
and responsible sourcing are identified as mechanisms by which materials and energy use in 
particular can be assessed and managed. 
 
2.1  Policy drivers 
The Strategy for Sustainable Construction (HM Government, 2008) outlines six ‘ends’ to 
provide for sustainable construction, materials is identified as a key ‘end’ (in relation to the 
use of increasing percentage of materials from responsible sourcing schemes) and climate 
change mitigation/adaptation is also included (with a strong focus on carbon reduction and 
flood risk management).  
 
More recently, a consortium led by Forum for the Future (including the Highways Agency, 
RSSB, Atkins and Balfour Beatty) produced the ‘Carbon Management Framework for Major 
Infrastructure Projects; e21C Project Report’ (December 2009) (FFTF, 2009), in which 
Ceequal is identified as one of the methods that can be used for the environmental assessment 
of infrastructure projects. Materials is identified in that report as one of the five key carbon 
‘spiders’ which takes into consideration the embodied carbon (CO2e), waste, reuse and 
recycling and transport of materials to and from site. There is a clear link between some of the 
carbon that is expended in a construction project and the types of materials used. ISO 
standards specifically written for calculating whole life carbon are also available (ISO 14067, 
2010) as are UK methodologies such as PAS 2050 (BSI, 2008) and the BRE Environmental 
Profiles methodology (BRE, 2008).  
 
The ‘Low Carbon Construction Innovation & Growth Team’s’ emerging findings report of 
Spring 2010 (Morrell, 2010) stresses the importance of acknowledging the whole life impacts 
of materials; the report however does not emphasise the role of sustainability assessment 
schemes such as Ceequal in the effort to achieve lower carbon construction which is a clear 
omission from the report.  This focus on carbon reduction has spawned a generation of carbon 
calculators, some notable examples are:  
• a collaborative project between the Transport Research Laboratory (TRL), Mineral 
Products Association (MPA), Refined Bitumen Association (RBA) and Highways 
Agency; this has resulted in a carbon calculator for asphalt materials used in road 
pavements called asPECT (asphalt Pavement Embodied Carbon Tool) (asPECT, 
2009) which considers the carbon impacts from product manufacture to installation;  
• the International Road Federation CHARGER calculator (IRF, 2009); and, 
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• project specific calculators available from the Highways Agency (HA, 2009) and 
Environment Agency (EA, 2009).  
 
2.2  BREEAM 
Part of the sustainability business of BRE (Building Research Establishment) is the range of 
building assessments known as BREEAM (BRE Environmental Assessment Method) which 
first started in 1990 and has grown to become one of the most well-known and widely used 
building sustainability assessment tools in the UK . There are a growing number of BREEAM 
schemes that cover the different requirements of particular building types such as Offices; 
Industrial; Retail; Prisons; Courts; Education, Healthcare and for other more unusual building 
types a BREEAM Bespoke scheme can be provided. The range of schemes available means 
that assessments are more tailored to a particular building type rather than having a 
completely generic approach.  
 
Credits are the currency of BREEAM and are awarded in ten categories, these category scores 
are weighted and to produce an overall score on a scale of Pass (30%), Good (45%), Very 
Good (55%), Excellent (70%) and Outstanding (85%). There are ten sections in BREEAM 
and materials and energy are standalone sections within these.  
 
2.3  Ceequal 
Whereas BREEAM focuses on buildings, Ceequal is the assessment and awards scheme for 
improving sustainability in civil engineering and public realm projects. The most recent 
version of Ceequal is version 4 (November 2008) and has gained widespread recognition in 
the UK over the past 10 years (Greeman, 2009). The Ceequal scheme was developed to 
enhance the environmental and social performance of civil engineering projects to give 
clients, designers and contractors an incentive to adopt and improve upon best practice. 
Ceequal is recognised as the key environmental sustainability scheme for civil engineering 
projects (Ghumra et al, 2009) and is often compared to BREEAM for buildings (Leckie, 
2010) which is slightly misleading as the two schemes are technically very different and 
approach their respective projects in different ways. Although Ceequal has been used or is in 
the process of being used to assess projects worth more then £15bn (July 2010), the number 
of completed projects assessed using the latest version is limited at the time of writing 
however there are a large number of interim awards. Little academic research regarding 
Ceequal has been undertaken to date; this work is therefore of great value to the civil 
engineering community. 
 
There are a range of awards available (depending on the extent to which the wider project 
team are involved in the assessment);  
• Whole Project Award 
• Client & Design Award 
• Design only Award 
• Construction only Award 
• Design and Construct Award 
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Ceequal is a points based system and asks questions over twelve sections; the weightings are 
embedded within the question scores so that the overall score falls into a standard percentage. 
The four grades of award are Pass (30%), Good (40%), Very Good (60%) and Excellent 
(75%). The twelve sections and associated weightings within Ceequal are shown in Table 1.  
 
One of the key principles of Ceequal is that it is not possible to achieve a 100% score for any 
single project because of some mutually exclusive questions (Venables, 2005). However, as 
Ceequal encompasses all civil engineering works (due to the flexible question set) it does then 
lack the focus of evaluation that road projects or indeed any other large sector of civil 
engineering works would perhaps benefit from; for instance in a road specific scheme 
particular focus could be given to the use of active traffic management systems or variable 
speed cameras. Some basic project questions must be answered and each section contains 
questions that form part of the mandatory requirement, but many questions can be ‘scoped 
out’ as being not relevant to a particular project. As such, the combination of award and 
project types means that there are many potential combinations of assessment to suit a range 
of project needs (Ceequal, 2010). However this is not a perfect approach as some questions 
are consequential in the construction process so a contractor seeking a construct only award 
might be hindered in some cases where information relating to decisions made at the design 
stage are not available. 
 
Table 1: Ceequal (v3.1) 2007 weightings 
Ceequal Section Weightings (%) 
Project Environmental Management 12.0 
Land Use 8.2 
Landscape 6.9 
Ecology & Biodiversity 8.5 
Archaeological and cultural heritage 6.2 
Water issues 8.9 
Energy  8.5 
Use of materials 9.5 
Waste  8.7 
Transport 7.6 
Nuisance to neighbours 7.3 
Community relations 7.7 
 
 
The Ceequal process involves the discussion between the project assessor and a verifier once 
agreement has been reached the assessor can collate the project evidence and complete the 
project assessment. The verifier checks the work of the assessor and then a ratification process 
takes place before the final award is confirmed.  
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Of the two main sets of questions of interest in this research the materials section consists of 
eight main parts each with sub questions; Basic principles; Minimising material use and 
waste; Timber; Using re-used and/or recycled materials; Minimising use and impacts of 
hazardous materials; Durability and maintenance; Future de-construction or disassembly. The 
energy section consists of three broad parts; Basic principles; Energy in Use and Energy 
performance on site. These headings are based on version 3.1 of Ceequal, but recent additions 
to the latest revision (version 4, November 2008) include responsible sourcing for materials 
and a greater emphasis on life cycle carbon impacts of materials and components. Version 4 
of the Ceequal manual also acknowledges that the energy section is linked to the materials 
section through the use of life cycle assessment, as described in the next section.  
 
2.4 Life Cycle Assessment 
Life Cycle Assessment (LCA) was initially developed in the late 1960s and early 1970s. It has 
since become a valued and recognised tool for the assessment of a range (including climate 
change, mineral depletion, eutrophication etc) of environmental impacts for products and 
materials (Ghumra et al, 2011). LCA procedures are harmonised in the ISO14040, series 
which itself sits within the widely applied ISO14000 series of environmental management 
standards (Ghumra, 2009). For the majority of construction materials, the life stage begins at 
the extraction and processing of raw material, followed by production / construction, then the 
in use / maintenance phase and finally on to demolition, disposal or reuse. LCA aims to give a 
whole life understanding and insight into the processes within the life cycle of a product and 
can be used to identify areas of significance to direct resources in an effective manner.  
 
2.5 Responsible Sourcing 
Schemes recognised for responsible sourcing have traditionally been focused on the timber 
sector such as FSC (Forest Stewardship Council). As concrete and other construction 
materials had no opportunity to demonstrate similar credentials the BRE launched the BES 
6001 Framework Standard for the Responsible Sourcing of Construction Products in late 
2008. The framework “provides a holistic approach to managing a product from the point at 
which a material is mined or harvested in its raw state through manufacture and processing, 
through use, re-use and recycling, until its final disposal as waste with no further value” 
(GreenBookLive, 2010). The standard seeks to ensure a level playing field between 
competing construction materials under a single framework. The requirements and associated 
actions have been structured into three components: 
• Organisational Management Requirements 
• Supply Chain Management Requirements 
• Environmental and Social Requirements. 
The framework standard contains key questions relating to both the LCA of the products and 
the carbon (and therefore directly linked to energy) of the materials. The standard is more 
qualitative by setting thresholds of rigour than actual impact levels for compliance. To date all 
the leading aggregate companies in the UK have had products certificated to BES 6001 
(Greenbooklive, 2010).  
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2.6 Materials and Energy 
Each of the two assessment schemes mentioned previously contain sections on materials and 
energy; different weightings are applied to these issues in the two schemes. Material Use is 
weighted at 9.5% in Ceequal and 12.5% in BREEAM and 8.5% and 19% for energy use 
respectively. Energy by this measure is the most significant section for BREEAM 
assessments whereas it is joint fourth in Ceequal. The materials section in both schemes is the 
second most weighted. The large difference in the weighting applied to each energy section is 
perhaps a reflection of the in-use impacts during the asset life cycle. A building during its 
operation will consume more energy than its construction. The same can not be said for civil 
engineering works as the asset itself does not consume energy (excluding maintenance) but 
the interaction of people with the asset creates impacts such as people driving on a road. 
BREEAM and Ceequal have therefore evolved in the weightings to take fundamental issues 
like this in to account in the assessment process. These two sections are linked through 
measures like embodied carbon and embodied energy. This research builds upon previous 
research (Ghumra, 2010) where it was found that the average scores of a sample of Ceequal 
projects were lowest for materials and energy use. As measures are put in place to reduce the 
in use phase impacts of the life cycle of an infrastructure project the embodied impacts of the 
materials will contribute an increasing share of the entire life cycle impacts.  
 
3. Methodology and Data Analysis 
The research study considered a sample of 48 Ceequal project awards; these were all based on 
version 3.1 of the Ceequal manual and all were based on completed project awards (interim 
projects were excluded as a number of questions are not applicable at the interim stage of a 
project). Exactly 24 of these projects were either road, rail or bridge related and hence 
grouped as ‘transport’ projects. Figure 1 shows the breakdown of the different types of 
projects in the sample set.  
  
 
Figure 1: Breakdown of Ceequal project types (total = 24; number of projects in each sector shown 
first) 
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A quantitative study by simple regression analysis (square of Pearson’s correlation 
coefficient) was used to calculate the correlation between overall project scores and particular 
section scores (i.e. materials and energy), as a whole (i.e. collectively for road, rail and 
bridges) and at individual project type level. 
 
To present a logical flow to the results and subsequent discussion the overall relationships 
between the ‘transport’ project types was calculated first to give regression coefficients; 
scatter diagrams were used to show the spread of data for each project type for materials and 
energy questions. This allowed trends to be identified within project types and also if certain 
project types perform consistently well or poorly. A further set of tables show the number of 
scoring questions for materials and energy for roads, rail and bridge projects. Due to the 
dominance of road projects within the sample it is possible to make more robust statements 
about core questions that are either integral to road projects or appear to have little influence.  
 
As the data has been provided by Ceequal to undertake this research a level of client 
confidentiality has to be maintained, as such it is not possible to further categorise any of the 
project types, therefore for example road projects could consist of new build, widening, 
maintenance or traffic management projects.  
 
4. Results 
This section describes the general trends in relation to Ceequal project score and how this 
relates to scores in the materials and energy sections (Figure 2) it also shows the scatter plots 
of these distributions (Figures 3 and 4).  
 
The general regression analysis shown in Figure 2 shows that transport projects’ material 
section scores have a relatively strong positive correlation with the overall project score. 
Conversely scores in the energy section appear to have little relationship to the overall project 
score. The bias of the results towards the road projects is quite apparent when looking at both 
materials and energy regression coefficients. Material scores are generally very good (average 
of 72%) whereas scores for the energy section were 40% or lower; again this is due to the 
higher number of road projects in the sample. Therefore the average score for transport 
projects is very close to that of road projects average score.  
DEVELOPING A SUSTAINABILITY ASSESSMENT FRAMEWORK FOR READY-
MIXED CONCRETE 
 
112 
 
 
Figure 2: Regression Data for Materials and Energy Transport Projects; The percentages in the boxes 
immediately above the corresponding bar on the graph are the average scores achieved for that project 
type in the project assessment.  
 
The scatter plots (Figures 3 and 4) highlight the dependency of the dataset on the road 
projects. There is a clear general positive correlation in Figure 3 for materials but the spread 
of data points in Figure 4 means it is not possible to make any generalisations about energy 
data. The line of equality on each of these two plots clearly shows the general trend of 
materials scores falling around the line whereas this is not reflected in the energy graph with 
the majority of the data well below the line.  
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Figure 3: Scatter plot of Materials Scores for Transport Projects 
 
 
Figure 4: Scatter plot of Energy Scores for Transport Projects 
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Table 2: Number of projects scoring questions in the materials section 
 
Question Road Projects Rail  
Projects 
Bridge 
Projects 
8.1.1 - Using a plan to minimise environmental impact*  
15 3 3 
8.1.2 - Implementation of plan* 
15 2 3 
8.2.1 - Consideration of environmental benefits* 
10 3 3 
8.2.2 - Cut and fill optimisation 
15 0 1 
8.2.3 - Re-use of excavated material 
16 2 2 
8.2.4 - Soil separation and storage 
16 1 3 
8.2.5 - Soil re-use 
15 0 2 
8.2.6 - Avoiding material waste through breakage* 
14 2 4 
8.3.1 - Sustainable use of timber (permanent)  
13 1 4 
8.3.2 - Sustainable use of timber (temporary) -  
11 2 4 
8.4.1 - Re-use of existing structures 
12 1 3 
8.4.2 - Recycled materials in permanent works* 
11 0 3 
8.4.3 - Use of reclaimed material (bulk fill)  
16 2 1 
8.5.1 - Factory applied coatings 
11 1 3 
8.5.2 - Low VOC/ biodegradable coatings -  
6 0 1 
8.5.3 - Extension of COSHH assessment*  
6 1 2 
8.6.1 - Durability and maintenance 
14 2 3 
8.6.2 - Long term maintenance plan*  
12 2 3 
8.7.1 - Design for disassembly 
2 0 1 
8.7.2 - Ease of separation of materials (deconstruction) 
13 1 4 
8.7.3 - Materials register for client* 
12 1 3 
 
 
The uptake for the materials questions by project type are shown in Table 2 and similarly for 
energy in Table 3. The asterisk indicates questions that cannot be scoped out (i.e. are 
mandatory). The ‘projects scoring’ is based on the number of projects for each project type to 
which that question scored some points (i.e. it has not scored zero, has not been scoped out 
and is applicable to the project type).   
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Table 3: Number of projects scoring questions in the energy section 
 
Question Road  
Projects 
Rail  
Projects 
Bridge 
Projects 
7.1.1 - Life cycle energy analysis* 
1 1 0 
7.1.2 - Implementation of analysis* 
1 0 0 
7.2.1 - Operational energy consumption* 
9 1 3 
7.2.2 - Reducing energy consumption in use 
9 0 2 
7.2.3 - Energy from renewable sources 
5 2 2 
7.2.4 - Incorporation of renewable energy 
3 1 1 
7.3.1 - Energy consumption during construction* 
13 0 1 
7.3.2 - Reducing energy consumption in construction 
13 0 0 
7.3.3 - Energy management plan* 
11 0 1 
7.3.4 - Energy efficiency of construction plant*  
5 1 2 
7.3.5 - Renewable energy during construction* 
4 0 1 
7.3.6 - Fuel efficiency of construction plant* 
12 2 3 
7.3.7 - Monitoring of energy use on site* 
11 0 3 
 
Road projects seem to assess materials well across the entire question set, all of the optional 
questions have over 50% uptake and the two worst performing questions are 8.5.2 (use of 
biodegradable and low VOC coatings and treatments) and 8.7.1 (design for disassembly). As 
the sample set is reasonable (17) it would be interesting to see if there were further 
relationships within the road projects i.e widening or new build, but this is not possible as 
highlighted earlier. The risk of excluding zero scoring projects is highlighted in Table 2 (rail 
projects) where question 8.4.2 (use of high grade reclaimed or recycled material; optional 
question) has a zero uptake because the 3 projects here all scored zero. Due to the small 
sample of rail projects a small variation in the number of eligible projects to answer a 
question can easily change the uptake from 100% to 50%. Questions 8.5.2 and 8.7.1 have 0 
uptake which is due to 5 projects that scored zero and one project where it was not applicable.  
 
The road projects perform better across the range of energy questions (Table 3) but general 
uptake is below that of the materials section (Table 2). The small number of rail and bridge 
projects makes any extrapolation difficult from Tables 2 and 3.   
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5. Analysis & Discussion 
This paper has shown the split of transport projects (Figure 1) and the graphs in Figures 3 and 
4 highlight the prominence of road projects in particular within the sample. To draw 
meaningful conclusions from the data, road projects will form the basis of the analysis and 
discussion. As further rail and bridge project data becomes available it may be necessary to 
revisit these Ceequal project types in a future study.  
 
The disparity (at the level of all transport projects) between materials and energy appears to 
indicate that the two sections are not linked, however a few questions do cross over and are 
discussed later in this section. Energy assessment is an area of concern as the average score of 
39% (Figure 2) is the lowest average of all the 12 Ceequal sections. In a period where there is 
a significant drive to reduce carbon and energy demands this would appear to be a poor 
reflection on the projects themselves or the way in which the questions are structured; it 
should also be borne in mind that these projects have been completed using version 3.1 of the 
manual and therefore could have been completed up to five years ago when the political and 
economic environment was very different and therefore will have been designed and planned 
more than five years ago.  
 
By focusing on the 17 road projects it is possible to identify the rate of ‘scoping out’ of the 
optional questions for materials and energy. Table 4 shows that over the 17 road projects 5% 
of the materials questions and 3% of the energy section were ‘scoped out’. Whilst these 
figures appear similar the flexibility of each question set needs to be understood. The 
materials section has 21 questions (of which 8 cannot be scoped out, i.e. are mandatory) 
thereby giving a maximum of 62% of points that could be scoped out. By comparison the 
energy question set seems more rigid with a total of 13 questions (of which 9 can not be 
‘scoped out’) meaning that only 30% of points could be scoped out. One of the strengths of 
Ceequal is the flexibility of the question set; but perhaps one of the reasons the energy section 
had the lowest average score and a low correlation with project scores is that the principles of 
energy use are more universally applied than materials use which can be more project 
specific.  
 
Table 4: Road projects; Materials and Energy Section – Points scoped out 
 
Road project; section Maximum score 
before scoping 
Maximum score after 
scoping 
Percentage scoped 
out 
Materials 1564 1486 5% 
Energy 1375 1340 3% 
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Table 5: Road Projects; Mandatory Materials Questions with a zero score 
Question Zero Score 
Using a plan to minimise environmental impact - 8.1.1 12% 
Implementation of plan - 8.1.2 12% 
Consideration of environmental benefits - 8.2.1 41% 
Avoiding material waste through breakage - 8.2.6 7% 
Recycled materials in permanent works - 8.4.2 35% 
Extension of COSHH assessment - 8.5.3 63% 
Long term maintenance plan - 8.6.2 25% 
Materials register for client - 8.7.3 25% 
 
Table 6: Road projects; Optional materials questions with a zero score 
Question Zero Score 
Cut and fill optimisation - 8.2.2 6% 
Re-use of excavated material - 8.2.3 0% 
Soil separation and storage - 8.2.4 0% 
Soil re-use - 8.2.5 6% 
Sustainable use of timber (permanent) - 8.3.1 13% 
Sustainable use of timber (temporary) - 8.3.2 27% 
Re-use of existing structures - 8.4.1 20% 
Use of reclaimed material (bulk fill) - 8.4.3 0% 
Factory applied coatings - 8.5.1 31% 
Low VOC/ biodegradable coatings - 8.5.2 63% 
Durability and maintenance - 8.6.1 7% 
Design for disassembly - 8.7.1 83% 
Ease of separation of materials (deconstruction) - 8.7.2 19% 
 
From Tables 5 and 6 the average zero scores have been calculated as 28% for the mandatory 
questions and 21% for the optional questions. This may be expected as projects could be more 
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likely to score a zero in a mandatory question than an optional question that could be scoped 
out with the appropriate evidence. However it could also be argued that the averages are 
similar and therefore proof that the scoping out process works well. What the data does not 
show is whether the project team felt that it would have been desirable and justified to scope 
out a mandatory question, but is beyond the scope of this study. The relatively small gap 
between the two averages might suggest that the materials questions are not particularly easy 
to scope out. Of the mandatory questions the lowest and highest zero scores stand out, these 
being questions 8.2.6 and 8.5.3. Question 8.2.6 asks, “Is there evidence that materials have 
been stored appropriately so as to avoid waste through breakage?” The evidence requirement 
could be photographic or site records to this effect, but it must show a sustained effort for this 
question for the duration of the project. With only 7% of road projects scoring zero for this 
section it is clear that project teams actively pursue this question. Question 8.5.3 has a high 
zero score rate of 63%, but this may be due to the very specific nature of extending the 
COSHH (control of substances hazardous to health) assessment process to cover the wider 
environmental impacts of the materials whereas a number of questions in the materials section 
are broad and generic. This question (8.5.3) is very prescriptive leaving no room for 
interpretation; only 3 of the 17 road projects scored maximum points for this question. 
Ceequal could perhaps recognise the legal compliance of COSHH and award points for this 
and award further points for those who exceed these requirements; however Ceequal is about 
best practice and is focused on pushing beyond legal compliance. 
 
Table 7: Road Projects; Mandatory Energy Questions with a zero score 
Question Zero Score 
Life cycle energy analysis - 7.1.1 94% 
Implementation of analysis - 7.1.2 94% 
Operational energy consumption - 7.2.1 44% 
Energy consumption during construction - 7.3.1 19% 
Energy management plan - 7.3.3 31% 
Energy efficiency of construction plant - 7.3.4 69% 
Renewable energy during construction - 7.3.5 75% 
Fuel efficiency of construction plant - 7.3.6 25% 
Monitoring of energy use on site - 7.3.7 31% 
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Table 8: Road projects; Optional Energy questions with a zero score 
Question Zero Score 
Reducing energy consumption in use - 7.2.2 40% 
Energy from renewable sources - 7.2.3 62% 
Incorporation of renewable energy - 7.2.4 73% 
Reducing energy consumption in construction - 7.3.2 19% 
 
The energy section presents a different profile for road projects. The basic principles have 
poor participation levels with 94% of projects with zero scores. The first two questions in 
Table 7 are 7.1.1 and 7.1.2. These are the most critical in relation to the assessment of 
materials, as 7.1.1 asks, “Has a life-cycle energy analysis been undertaken for the key 
materials and component to be used in the project?” Question 7.1.2 follows on from this and 
asks what percentage of the recommendations have been incorporated into the design and 
completed works. Only one of the 17 road projects scored points on these two questions.  
 
Questions 7.2.3 and 7.2.4 relate to the identification and use of renewable energy. These 
questions can be scoped out if the use of renewable energy is not applicable or the sourcing of 
such energy is not appropriate or possible. With this in mind the fact that over 50% of road 
projects scored zero (Table 8) on these questions may need further investigation as it should 
be quite feasible to be able to demonstrate the feasibility of using renewable energy sources in 
a project; alternatively this question could be scoped out for road projects.  
The link to 8.2.1 (environmental impact of component parts) could also be addressed by 
answering questions 7.1.1 and 7.1.2 in a robust manner. The question set could be condensed 
here and re-phrased to reflect the commonality of these issues. Similarly 8.7.1 could also be 
addressed through a life cycle assessment. These four questions could be condensed into one 
with the focus on the undertaking of the LCA, implementation where possible and how the 
process has helped the design and construction process. Question 7.3.5 (mandatory) asks, 
“Has energy from renewable sources been used during construction?” This question is 
mandatory and seems to penalise the project where it may not be economically feasible to use 
such energy. Similar opportunities to shorten the question set may exist with the waste, water 
and other sections, but further work needs to be done to ascertain this. 
 
 Table 9: Road projects and Water Projects in comparison 
  
 Average Score Regression 
 Materials Energy Materials Energy 
Road Projects 74 40 0.752 0.030 
Water Projects 70 47 0.798 0.152 
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Indeed a streamlined version of Ceequal is certainly plausible but it may also be possible to 
produce a road project specific version of the Ceequal manual. The only other non-transport 
category with sufficient data to make any sort of comparison against is Water; Table 9 
highlights the stronger performance in the energy section of the water projects and slightly 
lower average score in the materials section. The term maintenance version of Ceequal is 
being piloted at the moment and some of the lessons learnt from this trial could feed into an 
extension of this work to develop a Ceequal manual that is less demanding on project resource 
but still addresses the range of environmental and social aspects of the full Ceequal manual. A 
further consideration of any new shortened or project specific version of the Ceequal manual 
would be the weightings identified in Table 1; an alteration of the question set would itself 
change the weightings and further modifications would be necessary to re-balance the points 
embedded in the questions. As life cycle assessment becomes more of a key issue and 
mechanism by which to account for a range of issues including waste, water, energy and 
Carbon it will be necessary to place such questions together in a unique section or to place 
cross references in other sections.  
 
This work has used version 3.1 of the Ceequal manual. Version 4 was launched in November 
2008 and some revisions have been made to both the materials and energy sections (the 
inclusion of responsible sourcing as a separate question set and a life cycle question focusing 
on carbon footprinting). Whilst these additions further refine the questions there remain areas 
of the materials questions that could be revised and structured more effectively to serve users 
of the manual. More fundamentally the development of specific Ceequal schemes would 
allow for a greater degree of specification lead assessment rather than purely evidence based.  
 
6. Conclusions 
The aim of this research was to understand the relationships between overall project scores 
and section scores for materials and energy for a sample of Ceequal projects that were 
transport related. Scores in the materials section showed a positive relationship with the 
overall project score for the range of transport projects whereas the energy section data had a 
poor correlation in general. The individual analysis of road, rail and bridge projects for 
materials and energy question sets highlighted the reliance and bias of the sample set to road 
projects which then focused the remainder of the research. As the weightings for both 
materials and energy were above 8.3% (the nominal weighting if there was no weighting i.e. 
1/12) then both sections only benefit from the weighting. In addition as the weighting factors 
are only 1% different it stands that the weighting itself does not impact significantly on the 
scores when comparing materials and energy sections in this context.  
 
The analysis of the impact of the ‘scoped out’ questions appears to have had little overall 
impact on the road projects with only 5% of energy questions and 3% of materials questions 
(points basis) being ‘scoped out’. The disparity between correlations identified at the project 
level can not therefore be attributed to project teams deciding to deselect particular questions. 
Scoping out takes place early on in the assessment and is agreed between the assessor and a 
Ceequal verifier; the low impact; the zero scores and low impact would suggest that the 
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scoping out process is robust. Some questions were identified that had very poor performance 
(based on percentage of zero scores), some of these related to life cycle assessment and 
therefore link materials and energy assessment.  
 
It would be possible to rationalise the question set in Ceequal through the identification of 
common areas such as life cycle assessment where the outputs of a complete assessment over 
the whole life of the materials could address issues such as product selection, embodied 
carbon, maintenance considerations, durability and renewable energy. This study has 
highlighted the inter-relationship between materials and energy assessment in Ceequal, but 
acknowledges that there are links to other sections such as waste; it would therefore be 
desirable for this type of analysis to be extended to the other 10 sections of Ceequal not 
analysed in this paper. A project specific version of Ceequal may be possible but without 
sufficient projects completed in other civil engineering sectors it is difficult to conclude what 
benefit this would bring. Further research is strongly advised in light of this work that needs 
to address the question set in more detail to remove duplication and increase the level of 
specification in the assessment. 
 
Whilst Ceequal and BREEAM have similar holistic aims the two schemes are technically very 
different using different methodologies. It is accepted that building construction is 
fundamentally different to civil infrastructure but areas of common ground do exist e.g. 
responsible sourcing compliance and questions relating to life cycle assessment. A further 
recommendation for the development of Ceequal (and also BREEAM) would be a greater 
similarity in assessment approach on common issues. A more rationalised question set with 
this in mind would benefit clients who seek both Ceequal and BREEAM awards on the same 
project. Ceequal has steadily evolved over the past few versions but now needs to take the 
next jump forward with a complete revision of the themes for each section and the cross 
cutting questions that weave between them. 
 
As more emphasis is placed on sustainable development in transportation and more 
specifically on materials and energy use the findings of this research should be fed into the 
development of Ceequal. 
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Abstract 
Sustainability is becoming a more widely used term in construction from all parts of the 
supply chain and has been used as a synonym for the environment, carbon or anything that 
appears ‘green’. This paper uses the more holistic approach to sustainability of social equity, 
economic progress and environmental preservation. This paper outlines the existing methods 
and practices that are applied to construction projects and identifies tools that are used to 
assess the environmental impacts of products; such tools use Life Cycle Assessment (LCA) as 
a means of making an assessment. Previous academic research has focused on the assessment 
of construction assets which demonstrates the lack of product level sustainability assessment. 
As currently available practices do not consider the wider sustainability impacts of 
construction products the British Standards Institute (BSI) have recently published BS 8905 
“Framework for the assessment of the sustainable use of materials – Guide” which sets out 
general principles for a broader sustainability assessment of any material. The aim of this 
research is to use this BS 8905 standard as a basis from which to develop a sustainability 
assessment framework for construction products. A number of environmental, social and 
economic issues are identified from this BS 8905 standard and other leading sustainability 
standards and assessment schemes commonly used in the UK construction sector. The three 
aspects of sustainability are equally significant and are therefore equally weighted. The sum 
of all the issues would be aggregated to provide the sustainability index score for that product. 
The sustainability assessment framework will; allow the profiling of existing products to 
better inform product choices; prioritise new product development projects and concepts and 
increase transparency of information to suppliers and customers. 
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Introduction 
 
Sustainability is becoming a more widely used term in construction from all parts of the 
supply chain and has been used as a synonym for the environment, carbon or anything that 
appears ‘green’. This paper will use the more holistic approach to sustainability and the ‘triple 
bottom line’ [1] concept of social equity, economic progress and environmental preservation.  
 
The construction sector in the UK is served by sustainability assessment schemes such as 
BREEAM (Building Research Establishment Environmental Assessment Method), Ceequal 
(the assessment and awards scheme for improving sustainability in civil engineering and the 
public realm) and the Code for Sustainable Homes which have a strong bias towards 
environmental issues. These are well established in the UK and are evolving with legislation, 
best practise and increasing aspirations of sustainability. There has been increasing 
segregation, from a sustainability assessment perspective, of buildings and civil infrastructure 
works with a growing emphasis on the building sector in the UK for both new and existing 
buildings as such the focus has shifted to the construction asset rather than the product. 
Developments in responsible sourcing for construction products have gone some way to 
redress this imbalance but remain focused on social and environmental issues.  
 
This paper will outline the existing methods and practices that can be applied to construction 
projects and identify tools that are used to assess the environmental impacts of products; such 
tools use Life Cycle Assessment (LCA) as a means of making an assessment. Previous 
academic research has focused on the assessment of construction assets which demonstrates 
the lack of product level sustainability assessment. As currently available practices do not 
consider the wider sustainability impacts of construction products the British Standards 
Institute (BSI) have recently published BS 8905 “Framework for the assessment of the 
sustainable use of materials – Guide” which sets out general principles for a broader 
sustainability assessment of any material. The aim of this research is to use this BS 8905 
standard as a basis from which to develop a sustainability assessment framework for 
construction products. A key objective of the research is to identify a range of social, 
environmental and economic indicators which can form the areas of assessment. In order to 
reflect a balanced view of the importance of these three aspects of sustainability it is proposed 
that all three are equally considered; it will therefore be possible to rate an individual product 
against a known benchmark product by means of an overall sustainability index. Outputs such 
as this will support the decision making process in the supply chain and potentially lead to the 
procurement of more sustainable products. It will also give a construction products 
manufacturer the opportunity to better understand the sustainability credentials of different 
products. 
 
Sustainability assessment in construction 
 
This section gives an overview of the key sustainability schemes of Ceequal and BREEAM 
and product related standards and processes that are available in the UK. LCA is explained as 
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a mechanism that has traditionally been used to assess the broad environmental impacts of a 
product through the BRE Green Guide to Specification in particular. Previous research has 
focused on the application of LCA for construction assets or products but has not developed it 
beyond environmental impacts. There is however a growing ideology that LCA can be used as 
part of a broader assessment process. As single environmental indicator analysis such as 
carbon or water footprinting become more common there is a risk that broader sustainability 
assessment for construction products will be perceived as complicated and burdensome. The 
BRE (leading UK building research organisation) have gone some way to resolve this issue 
with the publication of a responsible sourcing standard but this still leaves economic issues 
relatively untouched. The lack of focus on broader sustainability issues for the assessment of 
construction products has resulted in a recent publication from BSI; BS 8905-”Framework for 
the assessment of the sustainable use of materials – Guide” which presents an ideal base to 
develop a specific construction products sustainability framework. The development of such a 
framework will need to consider forthcoming developments at an EU level through a LCA 
harmonisation project to ensure longevity and adaptability.   
 
Ceequal is the assessment and awards scheme for improving sustainability in civil 
engineering and public realm projects [2]. The Ceequal scheme was developed to enhance the 
environmental and social performance of civil engineering projects to give clients, designers 
and contractors an incentive to adopt and improve upon best practice [3] and has been 
compared to BREEAM for Buildings [4]. Ceequal does not prescribe how construction 
products should be assessed and the requirement is placed on the project to provide evidence 
to demonstrate the sustainable use of the products. 
 
BREEAM (BRE Environmental Assessment Method) is a scheme for non-domestic buildings 
whereas the Code for Sustainable Homes is for domestic dwellings, both schemes are 
technically similar and therefore only BREEAM will be referred to from this point. BREEAM 
assess the building over a range of issues from Waste, Water, Energy, Materials, Pollution, 
Health & Well Being, Management, Transport and Land Use & Ecology [5]. Part of the 
materials section is the LCA of the building elements, BRE have developed the Green Guide 
to Specification [6] which is based on the BRE Environmental Profiles LCA methodology 
which assesses the environmental impacts of building products over a 60 year life [7]. This 
methodology has been used to assess the impacts of materials in bridges [8] precast concrete 
products in buildings [9] and asphalt materials in road construction [10].  
 
LCA was initially developed in the late 1960s and has since grown into a methodology to 
assess the environmental impacts of products or services [11]. Procedures of LCA are 
harmonised in the ISO14040 series which itself sits within the widely applied ISO14000 
series of environmental management standards [12]. The ISO 14040 [13] framework 
highlights the different stages of an assessment, most notably the process steps flow back as 
well as forwards indicating that this is an iterative process; A specific ISO standard has been 
developed for the environmental declarations of construction products [14] this coupled with 
the generic LCA standards [15,16] creates an environment where it can be straight forward to 
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create product declarations which may not be comparable which in turn makes products 
selection or specification increasingly difficult.  
 
The use of LCA for a single environmental indicator has emerged in recent years with the 
growing focus on carbon and water. Carbon footprinting has become commonplace and brings 
with it a series of opportunities and threats [17]. There exists a suite of standards and 
methodologies for carbon calculation [18, 19] and the Water Footprint Network has published 
extensive guidance on their own methodology [20] for water footprinting. Some academics 
propose a ‘broadening and deepening of LCA approaches’ [21] and others utilise LCA as part 
of a wider decision support methodology [22]. CEN (the European standards body) have been 
working on the harmonisation of building level LCA sustainability assessment through the 
Mandate 350 and Technical Committee 350; part of this work is to establish a pan EU 
member state agreed LCA methodology for building products [23]; this will mean that the 
structure of the framework must be arranged in a way to allow future calculation methods for 
environmental LCA to be incorporated.  
 
 
The BRE launched the ‘Framework Standard for the Responsible Sourcing of Construction 
Products’ in October 2008 in the form of BES 6001 [24]. This has partly arisen due to the 
prominence of certification schemes for timber such as the Forestry Stewardship Council 
(FSC) which meant that other construction materials such as concrete and steel were 
disadvantaged in schemes such as BREEAM where credits are available for responsible 
sourcing [11]. This responsible sourcing standard looks at the organisation management, 
supply chain management and a range of environmental and social issues but largely ignores 
economic issues. As a certification scheme production sites are audited against the standard 
and can be collated into broader product groups e.g. concrete and aggregates. This means that 
broad comparisons can be made against one product group to another or between different 
production sites the assessment of individual products is however not possible.  
 
The recently launched British Standard BS 8905 – “Framework for the assessment of the 
sustainable use of materials – Guide” was published to fill the gap left by the numerous 
standards and tools mentioned above that do not give a broad sustainability assessment of 
materials. The BS 8905 standard “seeks to maximize positive social, environmental and 
economic contributions and to minimize negative impacts .These three aspects typically form 
the basis of any sustainability assessment”. The generic approach for all types of materials 
within this standard make it an ideal platform from which to develop a construction products 
assessment framework [25]. 
 
Developing the framework 
 
This section outlines the development of the framework. The recently launched BS 8905 
standard was used as the basis of the framework because it provided a set of non-prescriptive 
guidelines which could be tailored to construction products. The social, environmental and 
DEVELOPING A SUSTAINABILITY ASSESSMENT FRAMEWORK FOR READY-
MIXED CONCRETE 
 
128 
economic issues were identified and the next section describes in more detail the specifics of 
each issue and how each one would be measured. The consolidation of these measures in to 
an overall sustainability index is described at the end of the next section.  
 
The general principles of the framework will follow that of BS 8905 which has three main 
phases [25]. The first phase is the scoping phase which: 
 
a) Sets the scope of the sustainability assessment 
b) Identifies relevant stakeholder groups 
c) Develops a list of prioritized parameters for each of the three aspects of sustainability 
d) Determines key parameters 
 
The second phase is focused on the data collection and the actual assessment, stages within 
this phase include acquiring the data; using tools and applying methodologies and a 
sensitivity/review analysis of the findings. The third phase is the reporting phase where the 
outputs are presented to the relevant stakeholders. The aim of this paper is to complete phase 
one but with a great level of insight into the methodology of assessment for each issue which 
will essentially create the framework. By explaining how each issue will be assessed it will 
make subsequent research into phase two clear and transparent. 
 
Identifying the issues 
 
The BS 8905 standard contains signposts to a number of existing methodologies and 
standards for environmental, social and economic issues. In order to arrive at the list of issues 
for the framework, the most recurring issues mentioned in BS 8905, BES 6001 (responsible 
sourcing), BREEAM, Ceequal and previous research were identified. Social and 
environmental issues were consistently referred to in BREEAM and Ceequal and reasonably 
well in BS 8905 and BES 6001. Previous research was also consulted which consisted of a 
series of 25 semi-structured interviews with a range of industry stakeholders [26] this work 
provided a number of the economic issues. Table 1 shows the issues that were carried forward 
to the framework developed for this research and where these issues are referred to in other 
standards, schemes and research; such an approach will reduce the barriers to the use and 
application of the framework. The remainder of this section will focus on the environmental, 
social and economic issues in turn and explain how each one will be assessed as part of the 
framework. The BS 8905 standard recommends that the measurement of parameters should be 
done in a clear and transparent manner. 
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Environmental issues 
 
As identified earlier in this paper, environmental issues are traditionally well represented in 
sustainability assessment schemes and standards. It is therefore not surprising to see that all 
five issues selected for assessment were referred to in BS 8905, BES 6001, BREEAM and 
Ceequal. The first issue is the Life Cycle Assessment (LCA) of the product. Identifying this as 
a separate issue will mean that the framework will be flexible enough to accommodate 
different LCA methodologies and life cycle phases. At the time of writing the sponsoring 
company had a reasonable consistent methodology to calculate the embodied Carbon Dioxide 
(CO2) of products on the basis of process impacts and embodied impacts of constituent 
materials; Defra factors were used to arrive at the CO2 numbers on a per tonne basis. This 
formed the basis of individual product footprinting with the acknowledged limitation that a 
generic process impact was used for that product type; the overall CO2 number was therefore 
very dependant on the constituents of the product. As systems become refined and LCA 
capability increases to whole life and other environmental impacts the base case will need to 
be recalculated and the thresholds for scores revised.  
 
Water is emerging as an important issue and already there are competing methodologies to 
calculate the water footprint of a product. So as not to penalise products that use lots of direct 
water (concrete) against products that use very little direct water (asphalt) the base case will 
be calculated on a per tonne basis. The water consumed in the final product is the measure 
however where no water is present in the bill of quantities the water usage for the site will be 
benchmarked against the average for that type of operation so as to encourage reduction of 
water use on site.  
 
Waste is the third issue in the environmental section. This is measured at a site level as 
Table 1: Mapping of Framework Issues 
Issue BS 8905 BES 6001 BREEAM CEEQUAL Previous 
Research 
Life Cycle Assessment/Carbon       
Water (embodied in product)     
 
Waste (to landfill)     
 
Biodiversity     
 
Recycled/Secondary Content      
Durability/Longevity 
  
   
Product Properties 
  
   
Mode of Delivery      
Employment & Skills 
 
   
 
Community Engagement     
 
Profit Margin 
    
 
Life Cycle Cost  
  
  
Internal Supply of Materials 
    
 
Operational Equipment 
Efficiency       
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individual waste arising from a product is sometimes not a function of the product itself but 
can be due to human error during the manufacturing process. However it is acknowledge that 
some products (especially precast concrete products that have secondary processes such as 
rumbling etc) will increase the level of product waste. Much direct product waste can be 
recycled back in to the process as feed material and therefore does not leave the site. This 
issue seeks to identify the percentage of waste going to landfill at the site level. Records are 
kept for all land filled waste and therefore this issue can be measured using average levels of 
waste going to landfill.  
 
Biodiversity is managed at a site level and therefore difficult to attribute to a single product. It 
is still a fundamental environmental issue that should be addressed. All sites should have 
objectives and targets and will be assigned a biodiversity Tier level according to the risk the 
local environment could face; i.e. a site on an industrial site will not be as high a tier level as 
one in a Site of Special Scientific Interest (SSSI). All sites in the sponsoring company have 
been assigned a tier level so this can be used easily to assess the site based on its tier level. 
Where policies and metrics are already in place they are utilised to minimise bureaucracy.  
Recycled/Secondary content is the fifth issue in this aspect. Whilst recycled/secondary 
material is often accredited with low or zero embodied carbon the processing of such 
materials can in some cases appear to be less ‘environmentally’ friendly. The inclusion of this 
issue is to reflect the use of material that would otherwise have been virgin material which 
would have had more direct impacts on the environment (not necessarily more). 
 
Social issues 
Social issues are traditionally difficult to quantify for construction products. The definition of 
the boundary is therefore limited to five issues for this aspect. The durability of a product can 
reduce the need for maintenance and therefore create less inconvenience to people; this may 
be very minor when considered for precast paving in a garden to significant disruption on the 
UK motorway network for an asphalt product. It would need to be demonstrable that the 
product is more durable than the standard.  
 
Products can offer secondary benefits such as improvements in thermal mass, better acoustics, 
higher skid resistance, early strength and longer shelf lives to name but a few. This issue has 
been included to make allowances for novel and innovative products that seek to address a 
particular concern. Due to the variation in products this framework seeks to assess there will 
be no base case or an average to compare against. Scoring for this issue will be demonstrable 
evidence of one or more benefits that the product can provide.  
 
Transport accounts for a significant proportion of CO2 impacts for the sponsoring company. 
Road transportation is the normal mode of distribution for most products but other forms of 
transport have been proven to offer alternative routes to market. This issue will be assessed on 
a product group basis as ready-mixed concrete can not be feasibly transported by sea or 
asphalt delivered by rail. Similarly pre-cast products are not all manufactured at every factory 
and some products have a defined shelf life which again limits the mode of transportation but 
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not the efficiency by which it can be delivered i.e. larger volume vehicles which reduce the 
number of vehicle movements.  
 
The last two issues assessed under the social aspect are employment and skills and 
community engagement both of which are assessed at the site level. An individual product 
will not necessarily be the difference between the opening or closing of a plant and thereby 
keeping people employed. The portfolio of products that a site can manufacture collectively 
has an impact on the employment of people, their safety (the lost time injury frequency rate) 
and the skills they learn. Health and safety has been a key area of concern for the construction 
sector for a number of years. Significant efforts have been made in having a consistent 
approach to health and safety in the sponsoring company over the past few years. Whilst 
statistically health and safety is easy to measure there are more subtleties such as workplace 
attitude and general ‘looking out for one another’ that are difficult to quantify.   
 
Engagement with the community is an issue that is monitored within the sponsoring company 
regularly and the majority of sites should have active community engagement plans in place. 
It is this information that will be used to ascertain the level of community engagement 
appropriate for each site.   
 
Economic issues 
Economic indicators proved to be more challenging as costs are traditionally omitted from 
sustainability assessment schemes such as BREEAM. As the research is for an existing 
construction materials company senior managers were consulted about the most important 
economic issues that should be included in the framework, this is headed under previous 
research. Of the four issues suggested by the company only Life Cycle Costing was 
mentioned by the other schemes/standards i.e. BS 8905 and Ceequal. Most of the issues are 
self explanatory but Operational Equipment Efficiency (OEE) is an existing production 
management performance indicator that measures plant efficiency and downtime; in order to 
best utilise existing metrics it was deemed important enough to be included. 
 
Profit margin or contribution per tonne of product is the first issue in the economic aspect; 
although commercially sensitive it is important that such information is present as part of the 
multi criteria process. A standard margin for the base case is calculated and improvements on 
this are recognised accordingly. In order for a product to be sustainable it must make a 
positive contribution to the overall profitability of the business. Historically ‘green’ products 
were considered to be loss leaders, the marketplace is evolving and customers are expecting 
all products to be ‘green’. The thresholds for improvements in profit will be set as to deter 
excessive profiteering which would result in a sub-optimal market growth. Sustainability 
includes a very clear economic aspect but organisations have been reluctant to outwardly 
promote this aspect. This framework is making it clear that in order for an organisation to be 
sustainable it must be successful and therefore profitable. 
 
Life cycle costing is a well established mechanism but one that is rarely fully utilised. This 
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issue rewards the exercise being undertaken for the product to promote greater life cycle 
thinking, further recognition is possible where comparisons have been made and a tangible 
reduction in whole life cost is feasible and realistic. The boundaries and scope of the costing 
exercise should be well documented and the calculations transparent so that the same 
procedure could be used again for different products, where multiple product are being costed 
it should be against the same reference case. Vertical integration is a key part of the company 
business model. A product that uses more constituent materials that can be sourced from 
within the business can have a greater economic benefit than the profitability of the product in 
isolation. It is acknowledged that due to the location of some operating units it would be 
uneconomical to source raw materials from elsewhere in the company. Operating Equipment 
Efficiency (OEE) is a measure of the productivity of the plant on site. This data are already 
collated and an average for 2010 for each production type can be set as the benchmark. 
 
The sustainability index 
An assessed product would be scored against each of the issues identified in the previous 
sections. The three aspects of sustainability are equally significant and are therefore equally 
weighted. The individual issues within each aspect of sustainability can be weighted and this 
will be carried out as a separate piece of research; stakeholder engagement for the weighting 
exercise is recommended in BS 8905. The weighted sum of all the issues would be aggregated 
to provide the sustainability index score for that product. A number of products would need to 
be assessed so that some sense could be made of the overall score and the base case explained 
so that meaningful comparisons could be made. The sustainability indices for a range of 
products could lead to a better understanding of the key issues that help to create a more 
sustainable product. 
 
Discussion 
This paper has presented a framework for the sustainability assessment of construction 
products. Research on the limitations of LCA by Udo De Haes et al [27] would refer to this 
developed framework as a ‘toolbox’ which they argue lacks consistency and propose that a 
hybrid LCA approach is a stronger methodology which would essentially end up becoming an 
extension of LCA. Whilst this point of view is acknowledged it is also necessary to 
understand the context in which the LCA is being applied. In an organisational context a 
toolbox approach that has an element of LCA built into the system is easily usable, 
transparent, does not require the employment of specialist LCA practitioners and relies on 
datasets and information that has mostly already been collated. In addition, having an 
elemental approach to the environmental aspect allows future developments in construction 
product LCA such as CEN TC 350 to be used and issues merged together. The approach may 
appear simplistic however this was the aim of the framework that it could be easily 
understood and therefore utilised. A clandestine approach where data are supplied from an 
operational site and then a rating is achieved is not a transparent process and one which is not 
favourable to members of the construction products industry. The user of the assessment 
could easily communicate where the hotspots lie in the overall sustainability index.  
 
 Paper 2: Identifying the Sustainability Issues  
 
 133 
As a number of the issues are covered in existing assessment schemes (albeit for a 
construction asset) it would nevertheless aid the procurement process to select the most 
sustainable materials for a project. The Ceequal scheme is evidence based and less 
prescriptive than BREEAM so the use of an assessment framework such as this would be the 
evidence an assessor could provide for credit. The Responsible Sourcing standard (BES 6001) 
addresses a number of these issues at a site level and the base information would be the same 
and interrogate the same management system; there would not be any duplication of effort 
from a site perspective. At a time when there are increasing numbers of standards and 
guidance relating to sustainability it is fundamentally important to reduce duplication and for 
developing frameworks such as these to build upon standards and schemes already in use in 
this case the construction products sector.   
 
The inclusion of basic economic issues such as profit margin may be commercially sensitive 
and not communicated externally as would perhaps not the thresholds where points are scored 
in relation to the benchmark (the overall economic section score could be communicated if an 
organisation wanted to do so). Ness et al [28] conclude that “Like many facets of the concept 
of sustainability itself, proper tool development can only happen when all parameters are 
considered simultaneously”. This is the approach that has been taken in developing this 
framework. 
 
Conclusion 
Sustainability is becoming a more widely used term in construction from all parts of the 
supply chain but much of the focus has been on a range of environmental issues. 
Sustainability assessment in construction has progressed through the use of BREEAM and 
Ceequal. Responsible sourcing has brought some attention to assessment at the product level 
but largely ignores economic impacts. This paper has tried to take a more holistic approach to 
sustainability and the ‘triple bottom line’ [1] concept of social equity, economic progress and 
environmental preservation. This clear gap in product assessment was identified by the British 
Standards Institute who has recently published BS 8905 “Framework for the assessment of the 
sustainable use of materials – Guide”. The aim of this research was to use BS 8905 as a basis 
from which to develop a sustainability assessment framework for construction products. The 
standard itself is a guidance document for the sustainable use of materials and as such a very 
generic and non-sector specific framework. A key objective of the research was to identify a 
range of social, environmental and economic indicators which formed the areas of assessment 
of the framework. By drawing on existing standards and assessment schemes a list of 
environmental, social and economic issues were identified. These issues were; Life Cycle 
Assessment/Carbon, Water (embodied in product), Waste (to landfill), Biodiversity and 
Recycled/Secondary Content. The social issues are; Durability/Longevity, Product Properties, 
Mode of Delivery, Employment & Skills and Community Engagement. The economic issues 
are: Profit Margin, Life Cycle Cost, Internal Supply of Materials and Operational Equipment 
Efficiency. A core part of the framework was the consideration of life cycle impacts across all 
three aspects of sustainability i.e. LCA, durability and life cycle cost. This concept of 
extending the application of LCA as part of a broader assessment methodology has been 
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proposed by leading academics for a number of years. The three aspects of sustainability are 
equally significant and are therefore equally weighted. The sum of all the issues would be 
aggregated to provide the sustainability index score for that product. A number of products 
would need to be assessed so that some sense could be made of the overall score and the base 
case explained so that meaningful comparisons could be made. The sustainability assessment 
framework will: 
• Allow the profiling of existing products to better inform product choices 
• Prioritise new product development projects and concepts 
• Increase transparency of information to suppliers and customers 
Further research is required to conduct trials of the developed framework on a particular 
construction material to test the validity of the framework and to make any necessary 
modifications to the methodology. This research has important ramifications for the wider 
construction products industry as there has been a historic focus on environmental impacts 
and products used in buildings. This work has demonstrated that construction products can be 
assessed from a more holistic perspective for environmental, social and economic issues. 
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Abstract 
Sustainability assessment in UK construction is well established for buildings and civil 
engineering projects through tools such as the BRE Environmental Assessment Method 
(BREEAM) and Ceequal (the assessment and awards scheme for improving sustainability in 
civil engineering and the public realm). Assessment schemes such as these focus on the 
construction asset and give some consideration to the materials or products used, employing 
different techniques and varying degrees of guidance. Responsible sourcing seeks to address 
some of these shortcomings but only addresses the social and environmental aspects of the 
construction product. There is therefore a clear need for a more holistic approach to the 
sustainability assessment of construction products and materials. This need should be, in part, 
fulfilled at a generic level by the publication of BS 8905 "Framework for the assessment of 
the sustainable use of materials - Guide", but there is a gap in research. A questionnaire 
survey was developed to collate opinions on a range of sustainability indicators from 35 
individuals within a construction product manufacturing organisation. These results were 
aggregated to derive overall weightings for a series of sustainability indicators. 
Environmental, social and economic sections are considered equally and weighted indicators 
are developed within each of these sections, which enhances the robustness of the process 
used in BS 8905. In general the survey weightings of the environmental indicators were in 
line with those from leading assessment schemes such as BREEAM, Ceequal and the BES 
6001 responsible sourcing standard, thereby validating the survey findings. Such conclusions 
were not possible for social and economic indicators due to a lack of comparative indicators. 
The extension of this work could lead to a more holistic approach to the sustainability 
assessment of construction products and materials. 
 
Keywords - sustainability indicators, construction products, responsible sourcing. 
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Introduction  
Sustainability is becoming an ever growing consideration in construction which has been 
accelerated since the 2008 Strategy for Sustainable Construction from the UK Government 
(BERR, 2008). This paper presents a review of the leading sustainability assessment schemes 
and standards currently in use for UK construction projects. The BRE Environmental 
Assessment Method (BREEAM) has become the most widely used sustainability assessment 
scheme for non-domestic buildings in the UK. The civil infrastructure sector is served by 
Ceequal (the assessment and awards scheme for improving sustainability in civil engineering 
and the public realm). However, assessment schemes such as these focus on the construction 
asset and give little consideration to the materials or products used employing different 
techniques and varying degrees of guidance. The concept of responsible sourcing has gained 
momentum in the past two years with the publication of the BRE product standard, BES 6001 
(BRE, 2009) and the sector standard from the British Standards Institute (BSI), BS 8902 (BSI, 
2009). Responsible sourcing draws more focus on the products used in construction, but 
largely ignores economic considerations as part of the assessment. Therefore there is a clear 
need for a more holistic approach to the sustainability assessment of products and materials 
that make up the finished construction asset. In part this need should be fulfilled at a generic 
level by the forthcoming publication of BS 8905 "Framework for the assessment of the 
sustainable use of materials - Guide" (BSI, 2011 forthcoming).  
This paper reports on a set of empirically weighted sustainability indicators for construction 
products and materials that can fit into a standard approach (BS 8905) to help fill the gap 
identified above. To generate the set of weighted indicators a survey instrument was 
developed and circulated within a construction product manufacturing business; 35 employees 
responded which enabled the individual weightings to be aggregated. These weightings were 
then validated against those already established for similar indicators in the leading 
assessment schemes and standards outlined above.  
This paper presents a review of the current assessment options, presents the proposed 
indicators with the empirical weightings and then concludes by showing where such work can 
fit within a holistic sustainability assessment framework based on BS 8905. 
 
Sustainability Assessment for construction products 
This section gives an overview of the key sustainability assessment schemes and standards 
used in the UK construction sector. BREEAM (Building Research Establishment 
Environmental Assessment Method) is a widely accepted assessment scheme for non-
domestic buildings that is often specified for new build projects and Ceequal is the assessment 
and awards scheme for improving sustainability in civil engineering and the public realm, 
which has steadily increased in use for assessing new projects over the past 10 years. These 
schemes focus on the construction asset, give some limited consideration to the assessment of 
materials in some elements, but lack a truly holistic environmental, social and economic 
assessment of the construction products and materials used in construction projects. 
Responsible sourcing is focused on the construction product and the organisational and supply 
chain management systems connected with the manufacturing site, e.g. ISO 9001 standard for 
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quality, but largely ignores economic indicators such as life cycle cost or profitability and is 
currently most often assessed using BES 6001 (BRE, 2009).  
Due to these shortcomings BSI are developing a new standard BS 8905 "Framework for the 
assessment of the sustainable use of materials - Guide" to act as a guidance document for 
those wishing to assess products or materials in a more holistic manner which will support 
more sustainable decision making in the selection of construction products and materials.  
 
Sustainability Assessment in BREEAM 
BREEAM was developed by the Building Research Establishment (BRE) in 1990 and covers 
a number of assessment schemes that cover the different requirements of particular building 
types such as Offices; Industrial; Retail; Prisons; Courts; Education and Healthcare etc. For 
other, and more unusual building types, a Bespoke BREEAM scheme can be provided. 
BREEAM awards credits against ten categories (BRE, 2008), these ten category scores are 
weighted to produce an overall project score on a scale of Pass (30%), Good (45%), Very 
Good (55%), Excellent (70%) and Outstanding (85%). Sections with particular relevance to 
this research are (weightings are given in parentheses) Energy (19%), Materials (12.5%), 
Biodiversity (10%), Transport (8%), Waste (7.5%) and Water (6%); hence, the energy section 
makes the single largest contribution to BREEAM project sustainability assessment scores.  
 
Sustainability Assessment in Ceequal 
Ceequal is the assessment and awards scheme for improving sustainability in civil 
engineering and the public realm and was initially launched in 1999. The scheme was 
developed to enhance the environmental and social performance of civil engineering projects 
to give clients, designers and contractors an incentive to adopt and improve upon best 
practise. There are a range of awards available depending on the involvement of the wider 
project team these being; Whole Project Award; Client & Design Award; Design only Award; 
Construction only Award, Design and Construct Award.  
Ceequal is a points-based system and asks questions over twelve sections, which include 
(weightings in parentheses) Energy & Carbon (9.5%), Ecology & Biodiversity (8.8%), Water 
Resources & the Water Environment (8.5%), Material Use (9.4%), Waste Management 
(8.4%) and Transport (8.1%); here, the materials section is worth less than 10% of the overall 
project score. The weighting points are embedded within the questions so that the overall 
score falls into a standard percentage. The four grades of award are Pass (30%), Good (40%), 
Very Good (60%) and Excellent (75%). Ceequal seeks to have a flexible approach to 
encompass all civil engineering works, so some of the questions are optional and can be 
‘scoped out’ if they are not relevant to the project; there are, however, some basic project 
questions that are mandatory.  
Little academic research has been undertaken specifically relating to Ceequal; trials of the 
methodology for rail embankments (Campbell-Ledrum & Feris, 2007) and road construction 
projects (Willetts et al, 2010) represent recent research in this area, but do not question the 
weightings of the indicators nor do they include an in-depth review of products or  materials.   
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Responsible Sourcing 
The 2008 Strategy for Sustainable Construction from the UK Government (BERR, 2008) 
contains a number of objectives and targets for the construction industry to achieve by 2012; 
one of these is that, "25% of construction materials should be from schemes recognised for 
responsible sourcing". Responsible sourcing is "The promotion and support of responsible 
practices throughout the supply chain demonstrated by actions and behaviour consistent with 
responsible sourcing principles" (BRE, 2009). These principles cover a range of issues 
including ethics, legal compliance and stakeholder engagement (Glass et al, 2011). The 
construction materials sector has responded to this target in a largely positive manner 
primarily through the development of two standards. The first being the BRE BES 6001 
Framework Standard for the Responsible Sourcing of Construction Products (BRE, 2009) and 
the second being the BS 8902 Responsible Sourcing standard for Sector Schemes (BSI, 
2009). The main difference between these standards is that BES 6001 is focused on an 
organisation and product and BS 8902 is focused on a sector scheme. Many construction 
products manufacturers want to realise some degree of competitive advantage in this sphere, 
hence they have adopted BES 6001.  
The first version of the BES 6001 standard was launched in October 2008 with an updated 
version being released in mid 2009. There are two parts to the assessment; the first seeks to 
assess the organisational management alongside the supply chain management from a quality, 
environmental and health & safety standards perspective whereas the second part addresses 
the social and environmental impacts of the products' manufacture, which are: 
• Greenhouse gas emissions    (7 points, 18%) 
• Resource use     (7 points, 18%) 
• Waste management    (4 points, 10%) 
• Water extraction    (4 points, 10%) 
• Life cycle assessment (LCA)   (5 points, 13%) 
• Transport impacts    (4 points, 10%)  
• Employment & Skills    (4 points, 10%) 
• Community Engagement   (4 points, 10%) 
 
The list above shows the maximum number of points available for each issue and the relative 
worth of that score in relation to a total of 39 points for the entire social and environmental 
section. Points are awarded on a sliding scale (e.g. for water extraction 1 point is awarded if a 
site has a policy and metrics regarding water extraction; 2 points are awarded if there are 
objectives and targets to manage the water used; 3 points are awarded if this information is 
communicated to stakeholders and the maximum 4 points are awarded if the information 
communicated to stakeholders is externally verified). Organisations can be rated as Pass, 
Good, Very Good or Excellent against BES 6001. 
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BS 8905 
The BS 8905 standard "Framework for the assessment of the sustainable use of materials - 
Guide" being developed by BSI seeks to provide a set of guidance and signposts to existing 
standards and procedures to formulate a more holistic sustainability assessment of materials.  
The standard itself is not intended to be used as a source of certification (BSI, 2011 
forthcoming), rather it encourages the involvement of stakeholders to prioritise sustainability 
criteria to form the basis of an assessment. A range of environmental, social and economic 
indicators are identified in BS 8905, but no weighting system is prescribed, so there is a need 
to extend the responsible sourcing approach to create a more holistic sustainability assessment 
framework.  
BS 8905 (BSI, 2011 forthcoming) consists of three main phases, the first of which is the 
scoping phase and a key part of this is "a list of prioritised parameters for each aspect of 
sustainability". Therefore the approach herein is adopting, in part, the procedure for 
sustainability assessment detailed in BS 8905; all of the indicators identified above are from 
the perspective of a construction product or the factory that manufactures that product. The 
responsible sourcing indicators in particular will act as a useful barometer when comparing 
the weightings from a company survey (see next section) to existing standards and practice. 
So, based on the BS 8905 approach, research has been undertaken to identify, weight and 
compare selected sustainability indicators for construction products, as described in the 
following sections.  
 
Selected sustainability indicators  
There are clear similarities between the sustainability issues cited within assessment schemes 
such as BREEAM, Ceequal and BES 6001. Therefore it can be argued that sustainability 
indicators based on these schemes and standards should form the basis for any application of 
the BS 8905 framework (BSI, 2011 forthcoming).  
Table 1 identifies specific environmental, social and economic indicators; it is based on 
previous research, reported elsewhere (Ghumra et al, 2011a; Ghumra et al, 2011b), from 
which a number of appropriate economic indicators were notably drawn (these were based on 
a series of 25 semi-structured interviews with stakeholders from the construction sector 
including designers, clients and contractors). 
 
Table 1: Selected sustainability indicators for construction products 
Environmental Indicators Social Indicators Economic Indicators 
Life Cycle 
Assessment/Carbon 
footprinting 
Durability/Longevity Profit Margin 
Water (embodied in product) Product Properties Life Cycle Cost 
Waste (to landfill) Mode of Delivery Internal Supply of Materials 
Biodiversity Employment & Skills Operational Equipment 
Efficiency 
Recycled/Secondary Content Community Engagement  
 
Having identified the key indicators a form of weighting is required, as described in the next 
section. 
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Participants' weighting of the indicators  
This section of the paper explains the methodology of the weighting process and the 
calculations undertaken to arrive at the final weightings of the indicators that will be used as 
part of a holistic sustainability assessment framework.  
An on-line survey was developed as the mechanism for collating data which was distributed 
via e-mail to the central services function at a leading construction materials supplier in the 
UK. As the potential sustainability assessment framework will be used primarily by the 
company as an internal, benchmarking tool, it was only necessary to involve company staff at 
this stage. Key central management teams including marketing, sustainability, 
communications, estates and human resources were targeted (a total of 86 people), and 35 
responses were collated over a three week period, which represents a useable response rate of 
approximately 40%.  
There were three main questions in the survey, one for environmental indicators, one for 
social indicators and one for the economic indicators. The individual indicators shown in 
Table 1 were assigned to their respective group and participants were asked to weight each 
indicator between 10% and 90% at 10% intervals, within each question (i.e. 100% would be 
divided between the indicators in each question).  The weighted average of these responses 
(based on the frequency of response at a particular weighting level) were calculated to derive 
indicator weightings.  
 
Survey results 
This section presents the results from the company survey in their raw form and gives the 
number of participants who selected a particular weighting level for the environmental, social 
and economic questions (Tables 2 to 4). Weighted averages were taken for each indicator to 
arrive at the final weighting for each indicator; this is presented at the end of the section 
(Table 5) alongside the corresponding weightings in BREEAM, Ceequal and BES 6001 to 
indicate how these indicators are weighted in the respective schemes and standards. 
The weighting results of the environmental indicators are shown in Table 2. The water and 
biodiversity indicators show similar outcomes with the concentration of participants selecting 
lower importance weightings. LCA/Carbon footprinting is clearly the issue that the majority 
of participants felt were the most significant. Waste and recycled/secondary content have at 
least 70% of the weighting outcomes at 30% or below but still have a large spread of 
outcomes across the full range. 
 
Table 2: Environmental indicators weighting results 
Environmental Indicators 10% 20% 30% 40% 50% 60% 70% 80% 90% 
LCA Carbon Footprinting 7 3 10 4 2 6 1 1 1 
Water 19 9 1 0 0 1 0 1 1 
Waste 6 10 9 3 1 2 2 1 0 
Biodiversity 20 3 4 1 1 2 1 0 0 
Recycled/Secondary Content 11 12 3 4 1 1 1 1 1 
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The weighting results of the social indicators are shown in Table 3. Overall there does not 
seem to be a clear issue that has been weighted consistently highly. Durability/ longevity has 
a range of weightings and along with community engagement is the only issue to have a 
single instance at 90%. Product properties and mode of delivery both have over half of the 
responses at 20% or below. Employment and skills has a similarly low weighting 
concentration below the 30% level.   
 
Table 3: Social indicators weighting results 
Social Indicators 10% 20% 30% 40% 50% 60% 70% 80% 90% 
Durability/Longevity 3 9 11 3 3 1 2 0 1 
Product Properties 12 10 3 3 2 1 1 0 0 
Mode of Delivery 11 15 2 1 2 0 0 2 0 
Employment & Skills 9 8 10 2 1 0 2 2 0 
Community Engagement 11 9 5 1 2 1 0 2 1 
 
The weighting results of the economic indicators are shown in Table 4. Profit margin and life 
cycle cost appear to have a greater number of weightings at 30% or over. Eighty percent of 
the cumulative responses are achieved at the 50% level for profit margin, at the 40% level for 
life cycle cost and at the 30% level for the remaining two indicators. Weightings for these 
indicators will generally be higher than the environmental or social indicators (as there are 
four indicators as opposed to five). 
 
Table 4: Economic indicators weighting results 
Economic Indicators 10% 20% 30% 40% 50% 60% 70% 80% 90% 
Profit Margin 2 4 13 4 4 6 1 0 1 
Life Cycle Cost 4 8 9 6 3 2 1 0 2 
Internal supply of materials 11 12 5 0 1 2 1 0 1 
Equipment Efficiency 7 17 4 0 1 0 1 1 2 
 
Table 5 shows the overall weightings of the survey indicators against the corresponding 
weightings from BREEAM, Ceequal and BES 6001. This has been done at a section level, 
e.g. durability and longevity appear in the materials sections of BREEAM and Ceequal and 
the entire materials section is weighted at 12.5% and 9.4% respectively, taking the weighting 
of the individual question would have made relative comparisons impossible. The purpose of 
Table 5 is not to draw comparisons between the absolute values of the weightings for each 
indicator, but to understand the relative positioning of the indicators to one another to validate 
the weightings of the survey indicators. The schemes and standards have different scopes and 
terms of reference; hence it would be unwise to extrapolate specific numerical similarities or 
differences on this basis.  
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Table 5: Environmental, Social and Economic weightings 
 Weighting %   
Indicators Survey BREEAM Ceequal BES 6001 
LCA / Carbon Footprinting 27.3  19.0  9.5  31  
Water 14.6  6.0    8.5  10  
Waste 22.7  7.5    8.4  10  
Biodiversity 15.3  10.0  8.8  18  
Recycled/Secondary Content 20.1  12.5  9.4  18  
Durability/Longevity 24.3  12.5  9.4  - 
Product Properties 17.3  - - - 
Mode of Delivery 17.0  8.0    8.1  10  
Employment & Skills 21.0  - - 10  
Community Engagement 20.3  - 7.4  10  
Profit Margin 30.8  - - - 
Life Cycle Cost 27.7  - 9.4 - 
Internal supply of materials 19.8  - - - 
Equipment Efficiency 21.7  - - - 
 
Discussion  
This section presents a discussion of the company survey results in the context of existing 
sustainability assessment schemes and standards. The role of responsible sourcing is 
discussed as it represents an established framework that could be developed into a more 
holistic sustainability assessment standard for construction products with clear links to 
accepted sustainability assessment tools. The selected sustainability indicators could be 
developed further to provide an assessment framework for construction products, but more 
research would need to be carried out for such a development which is beyond the scope of 
this paper.  
Generally it can be seen that the results of the company survey map well to similar indicators 
used within the assessment tools for environmental issues showing broad data validity. When 
all of the indicators are ranked on the basis of their respective weightings LCA Carbon 
footprinting (compared to Energy section weightings) is the most highly-weighted issue from 
all sources, the least highly-weighted issue is that of water, which would be ranked fourth or 
fifth in all the standards/schemes and recycled/secondary content is generally second or third 
in the rankings. The waste indicator appears to be more significant to the survey participants 
than in the schemes/standards. Overall this indicates that the survey weightings for 
environmental issues are valid and do reflect the weightings used in existing assessment tools.  
For the social indicators there are no complete sets of comparable indicators for all of the 
survey weightings. However the Durability/Longevity indicator does appear to be the most 
significant. Transport, employment & skills and community engagement are equally weighted 
in BES 6001, broadly similarly to the survey weightings, at least for the last two of these 
indicators. Transport (mode of delivery) appears to be more of a concern for the survey 
respondents than in the BES 6001 standard which was perhaps due to the nature of the 
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company as a manufacturing business and hence a degree of participant bias may be the 
reason for such a difference. For the economic indicators in this survey life cycle cost was the 
only economic issue mentioned in any other assessment scheme. Further correlations for 
economic indicators are difficult to make due to the lack of comparable indicators. This 
supports the position that sustainability assessments for construction lacks focus on the 
economics of construction products and materials; it is however acknowledged that the 
accountancy system present in most organisations will have a thorough understanding on the 
economic implications of material production and use, but may ignore life cycle costs.    
In summary, the weightings of environmental indicators embedded in the BES 6001 standard 
for responsible sourcing represent the closest match to the survey weightings, however 
comparisons for social indicators are difficult and there are no economic indicators to make 
comparisons against at all. BES 6001 could potentially be revised to explore a more 
structured approach to the economic aspect of the product assessment. This work could help 
to inform subsequent revisions of BES 6001 by considering the inclusion of the economic 
indicators outlined previously including life cycle cost. As part of the application of the 
process suggested in BS 8905 (BSI, 2011 forthcoming), the selected sustainability indicators 
could be developed into a framework for the sustainability assessment of construction 
products and materials as an extension to this research. This might allow the construction 
products manufacturer to have a structured approach for the sustainability profiling of its 
products, to identify areas for improvement, reduce environmental and social impacts and 
improve the market position of its products and materials.   
 
Conclusion  
Sustainability has taken an increasingly significant role in construction projects in the past 
few years primarily driven by the uptake of sustainability assessment schemes such as 
BREEAM and Ceequal. However, assessment schemes such as these focus on the 
construction asset and give little consideration to the materials or products used. Responsible 
sourcing has gained momentum in the past two years with the publication of the BRE 
standard BES 6001 (BRE, 2009) which draws more focus on the products used in 
construction. Therefore there is a clear need for a more holistic approach to the sustainability 
assessment of products and materials. In part this need has been fulfilled at a generic level by 
the forthcoming publication of BS 8905 "Framework for the assessment of the sustainable use 
of materials - Guide" (BSI, 2011 forthcoming).  
The purpose of this research was to adopt the holistic approach outlined in BS 8905 and build 
on existing standards. A survey was developed comprising of a list of environmental, social 
and economic indicators which were based on the existing sustainability schemes and 
standards and supported by previous research. The survey participants weighted the individual 
indicators grouped as environmental, social or economic issues. The results were aggregated 
by frequency of response to arrive at a final weighting of all the indicators. Generally it was 
seen that the results of the company survey mapped well to existing assessment tools, 
showing validity of the weightings of the survey results for environmental issues, but such 
comparisons were not possible for social and economic indicators due to a lack of comparable 
indicators. Further work arising from this study could include revising the BES 6001 standard 
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to include a more structured approach to the economic aspect of the product assessment and 
developing  a framework for the sustainability assessment of construction products and 
materials based on BS 8905. 
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Abstract 
 
Sustainability in the UK construction sector is well served with sustainability rating systems 
which are linked to evolving policy and legislation. Sustainability assessment of construction 
products is a critical component in the decision making process which leads to more 
sustainable buildings and civil infrastructure works. An empirically derived sustainability 
assessment framework for concrete was developed in a stepwise approach by a leading 
concrete manufacturer in the UK. The assessment framework consisted of performance 
related criteria covering a range of social, environmental and economic issues. This paper will 
seek to answer three specific research questions relating to; the validity of the outputs of the 
assessment framework on a sample of 10 concrete manufacturing sites; the specific benefits of 
this approach to the manufacturer and wider industry and the limitations of such an approach.  
 
Concrete products with higher levels of cement replacement performed better than those that 
used only ordinary Portland cement. There was also a greater emphasis on the constituent 
materials and manufacture of the product than further life cycle stages. This paper concludes 
that the use of the assessment framework has some application for a concrete manufacturer 
and helps to bring together a number of different issues in to a single process. A series of 
recommendations are made for the case study organisation including; the need to develop a 
better understanding of the in-use benefits of concrete products and to better understand the 
inter linking issues relating to the economic and social issues which will lead to more 
sustainable concrete. 
 
 
 
Keywords - Construction products; Sustainability assessment; Concrete; BREEAM; Ceequal 
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1. Introduction 
 
The construction industry in the UK has been at the centre of strategy development and 
sustainability for nearly 20 years (Egan 1998; Latham,1994) however since the publication of 
the UK Government Strategy for Sustainable Construction in 2008 (BIS, 2008) there has been 
further focus on particular aspects of sustainable construction (IGT, 2010). While these 
initiatives are helpful they have a tendency to compartmentalise issues rather than take the 
‘triple bottom line’ approach proposed by Elkington (1998). Akin to these developments is 
the need for construction organisations (manufacturers, contractors, engineers etc) to develop 
their own understanding of sustainability management; this concept is not new and has been 
espoused by Azapagic (2003) as a ‘Systems approach to corporate sustainability’. The 
problem faced by the construction industry with this sea of tools, standards and guidance 
documents is captured succinctly by Henriques (2001) “Unfortunately the very profusion is 
under-mining itself. It is so hard to know where to start for many companies that they are 
simply waiting to see where the consensus emerges’’. However there are still organisations 
that seek competitive advantage from early adoption of sustainability strategies and against 
the financial constraints in a post recession world there are good examples in the retail sector 
of how the business case for sustainability make sense (The Co-Operative, 2011).  
 
The construction products sector in the UK has an annual turnover of over £50 billion and 
represents 44% of total construction output (CPA, 2011). Ready-mixed concrete production 
has remained flat over the 2009 and 2010 period at around 14.4 million m3 per annum (MPA, 
2011). Ready-mixed concrete is often use on site (in-situ) in a range of applications from road 
sub base layers to concrete frames for buildings. The cementitious (cement or substitutes such 
as pulverised fly ash or granulated blast furnace slag) content typically accounts for 16% of a 
cubic metre of concrete (by mass). Ready-mixed concrete products can exhibit a wide range 
of performance characteristics depending on the constituent materials; the cementitious 
content can also be optimised for particular sustainability requirements such as lowering the 
embodied (cradle to gate impacts) carbon (Ghumra et al, 2011).  
 
This paper outlines the research context of sustainability assessment in the UK construction 
sector. An empirical assessment framework was developed which sought to assess concrete 
from a broader sustainability perspective. The purpose of this paper is to answer some 
research questions in relation to this developed assessment framework for ready-mixed 
concrete through a test case study; namely: 
 To understand the validity of the outputs of the assessment framework on a sample of 10 
concrete manufacturing sites 
 To identify the specific benefits of this approach to the manufacturer and wider industry  
 To acknowledge the limitations of such an approach and suggest areas for further 
development 
 
DEVELOPING A SUSTAINABILITY ASSESSMENT FRAMEWORK FOR READY-
MIXED CONCRETE 
 
148 
A series of outputs from the assessment framework are presented along with the relevant 
discussion in light of previous research and importantly practical use of the assessment 
framework. The paper concludes with a number of recommendations for the concrete 
manufacturer and areas of further research. 
 
2. Research context 
 
Sustainability remains a complex issue in the construction sector where many companies are 
unsure about which particular part of the sustainability agenda to grapple with first; often 
carbon and energy related issues are the most significant (Ghumra et al, 2009). The reduction 
of waste going to landfill is another issue that has featured in the Government Strategy for 
Sustainable Construction (BIS, 2008) which many construction sector stakeholders have since 
adopted (Aggregate Industries, 2011; Kier, 2011). However it could be argued that both of 
these particular issues are at the forefront of sustainability issues because of the significant 
amount of legislation pushing the construction sector and others in one direction through 
reporting (EA, 2011), monitoring (DECC, 2011) and ultimately taxes (HMRC, 2010). This 
section presents some background to the leading assessment schemes used in the UK 
construction market; BREEAM and Ceequal. Some attention is given to the current suite of 
standards which provide much of the guidance on product assessment. Life Cycle Assessment 
(LCA) is a well established tool which helps to interpret the environmental impacts of 
products; LCA also underpins much of the work taking place at an EU level and is the 
methodology behind the increasing number of sustainability/environmental claims in the form 
of Environmental Product Declarations (EPDs). This section closes with a summary of the 
leading discussions relating to sustainability assessment. 
 
2.1 Assessment schemes in UK construction 
 
BREEAM is the Building Research Establishment Environmental Assessment Method which 
started in 1990 and has to date certified over 200,000 buildings with over 1 million registered 
for certification worldwide (BRE, 2011). As such the BREEAM methodology is the leading 
assessment scheme for non-domestic buildings in the UK and the world. The BREEAM 
assessment covers nine key areas comprising of; management, energy, waste, water, 
materials, land use, pollution, transport and health and well being. The most recent revision of 
the methodology was published in summer 2011 and is freely available on the BRE website 
(BRE, 2011). Questions in the materials section cover the environmental impacts of the 
products, responsible sourcing and designing for robustness. The assessment of materials for 
buildings is achieved through an extensive LCA database that contains generic product 
information for thousands of individual building elements the output of this is known as the 
‘Green Guide to Specification’ (Anderson et al, 2009). The Green Guide to Specification is 
not perfect (Ghumra et al, 2009) but it has been a driving force for LCA in the construction 
products sector for over 10 years. There are many different tools available for sustainability 
assessment, the categorisation of which has been conducted by Ness et al (2007), however in 
the construction products sector in the UK the most dominant approach for the quantitative 
 Paper 4: Framework Results in the UK  
 
 149 
analysis and interpretation of environmental impacts has been LCA. Ness et al (2007) also 
state that multi-criteria analysis “has the advantage of incorporating both qualitative and 
quantitative data”. Due to the global profile of the BREEAM scheme it is regularly compared 
(Berardi, 2011) or critically reviewed (Haapio & Viitaniemi, 2008) against other schemes.  
 
Ceequal is the assessment and awards scheme for improving sustainability in civil 
engineering, landscaping and the public realm. Over 190 project awards have been presented 
since the public launch of the scheme in 2003, the total value of all projects that have been or 
will be assessed stands at £17 billion (Ceequal, 2011). The most recent version of the Ceequal 
manual (version 5) is available from the Ceequal website (Ceequal, 2010). The assessment 
scheme covers twelve sections comprising; Project Management, Land Use, Landscape, 
Ecology & Biodiversity, Archaeological and cultural heritage, Water issues, Energy , Use of 
materials, Waste, Transport, Nuisance to neighbours and Community relations. Ceequal 
specifically assigns responsibility of certain elements of a contract between the client, 
designer and contractor to promote best practise at each key part of the supply chain (Ghumra 
et al, 2011a). Ceequal has been incorrectly compared to BREEAM (Leckie, 2010) whilst 
these schemes have similar ultimate aims they are technically very different as Ceequal is 
more evidence based and is not as prescriptive as BREEAM.  Academic literature relating to 
Ceequal is scarce with the exception of the application of the assessment scheme to a railway 
embankment (Campbell-Lendrum & Feris, 2008) and another detailing how the materials and 
energy questions of a sample of transport related projects were scored (Ghumra et al, 2011a).   
 
Understanding these key schemes was critical for the development of the sustainability 
assessment framework; firstly from a content perspective i.e. which issues are addressed and 
secondly from a technical perspective as to how the questions are structured and how the user 
is expected to show compliance.  
 
2.2 Current standards 
 
LCA has been at the cornerstone of environmental impact assessment for over 40 years; the 
standards relating to LCA were largely developed in the 1990s and have subsequently been 
revised (ISO 14044, 2006). There are specific standards relating to the breadth and scope of 
the LCA and whether the output or EPD is self declared (ISO 14024, 2001), an environmental 
label (ISO 14021, 2001) or a full declaration of the life cycle impacts (ISO 14025, 2010). 
There is also a specific standard for the product category rules for construction products (ISO 
21930, 2007). These standards are frequently referred to as part of the development of other 
tools and LCA methodologies. The BRE Green Guide to Specification (Anderson et al, 2009) 
is a Type III declaration and therefore compliant to ISO 14025 (2010). At an EU level a 
mandate was issued (M 350) in 2007 to harmonise the building level sustainability assessment 
process across all member states (CEN M350, 2007). There are a number of working groups 
looking at the social, environmental and economic aspects of the building, one standard which 
was released in early 2012 will be of fundamental importance to the construction products 
sector; which is denoted  BSEN15804 (BSI, 2012).  
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The British Standards Institute (BSI) have been developing a family of sustainability related 
standards since 2006 with the publication of BS 8900 “Guidance for managing sustainable 
development” (BSI, 2006) which has acted as a parent document to other sustainability 
standards relating to responsible sourcing for sector schemes (BS 8902, 2009), sustainable 
procurement (BS 8903, 2010) and guidance on the sustainability assessment of materials (BS 
8905, 2011).  BS 8905 is of particular importance to this research as it presents a generic 
framework for the sustainability assessment of any material or product. The standard covers 
consideration of: 
 
a) the social, economic and environmental aspects throughout the material lifecycle 
 
b) how to balance these aspects against stakeholder priorities in terms of sustainable 
development; 
 
c) guidance on the use of decision support tools to assess the relative sustainability of material 
choice 
 
d) the importance of data quality when carrying out a sustainability assessment 
 
This general approach was followed in the development of the framework for ready-mixed 
concrete. Another key standard which has greatly influenced the developed ready-mixed 
concrete assessment framework is the BRE BES 6001 Framework Standard for the 
Responsible Sourcing of Construction Products (BRE, 2009). This was launched in 2008 and 
revised again in 2009 by BRE. These two standards were the technical underpinnings of the 
empirically derived assessment framework. The stepwise approach to its development is 
described in the next section. 
 
2.3 Multi-criteria approaches 
 
LCA has already been identified as a well established tool for assessing environmental 
impacts; it is not however without limitations (Udo de Haes, 2004) and as Jeswani et al 
(2010) suggest the ‘deepening’ and ‘broadening’ of LCA approaches mean that the standards 
for LCA guidance (ISO 14044, 2006) need improving and that social and economic issues 
should be more integrated with the traditional environmental issues. It is argued very 
eloquently by Adetunji et al (2003) that a ‘systems thinking’ approach needs to be adopted to 
better understand the complexities and interactions between the traditional image of three 
overlapping circles representing social, environmental and economic aspects of sustainability. 
Multi criteria analysis is another approach for decision making in complex contexts which 
Elghali et al (2008) have applied in combination with LCA for road construction projects and 
Pons and Aguado (2012) have applied for school buildings. One of the challenges with LCA 
is the comparability of the results (Ingewersen and Stevenson, 2010). The framework was 
developed in the knowledge that LCA is not sufficiently developed to assess all aspects of 
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sustainability but that it would need to be structured so that future developments in LCA and 
EPDs could be accommodated.  
 
3. Framework methodology 
 
Most quantitative research in the construction industry has an objective positivist 
methodological position (Dainty, 2008). However action research such as this requires a 
degree of methodological pluralism and as such the traditional paradigm is challenged. 
Ozdemir et al (2011) state that, “Many institutions develop and apply indicator sets and keep 
them disaggregated. This to a certain extent leads to unsatisfactory results because no aid is 
given on how to compare “apples and oranges” or how to balance the trade-offs of opposing 
indicators. The results of these approaches, therefore, stay unhandy and inexpressive”. 
However this position is challenged to a degree by Gasparatos et al (2009) who state that 
“aggregation choices are usually a trade off between loss of information when aggregated and 
fuzziness when not aggregated”. The reductionist approach of single metrics (Gasparatos et 
al, 2009) has a place in sustainability assessment but the outputs of an aggregated set of 
metrics need to be clear and understandable so that the informed decisions that are often 
quoted can actually be made. The purpose of this framework is to make it simple and easy to 
use without the need for complex calculations as is often the case in a more analytical 
approach (Elghali et al, 2008).  
 
The assessment framework was developed in a stepwise approach, it is not the purpose of this 
paper to go through each step in detail; further information can be found in the appropriate 
references. The first step was to understand the key drivers relating to the sustainability of 
construction products, this was achieved through a series of semi-structured interviews 
(Ghumra et al, 2011b). The second step was to develop a suite of indicators and issues based 
on the interview findings and existing standards and assessment schemes as described in 
section 1 (Ghumra et al, 2011c); this then allowed a weighting exercise (Ghumra et al, 2011d) 
to take place via an on-line survey tool. The next step in this process is the testing and 
validation of the framework which is the context of this paper.  
 
A summary of the assessment framework headings and question areas is shown below: 
 
 Raw Materials 
Carbon footprint of mix 
Reduction in mains water consumption/Use of recycled water 
Virgin aggregate replacement 
Portland cement replacement  
Adding value to raw materials 
 
 
 Manufacture 
Inert/hazardous waste to landfill 
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Biodiversity action plan 
Average miles to delivery location 
Staff training and development records 
Health and Safety record for site 
Community engagement evidence 
Contribution  
Operational equipment efficiency 
 
 Use 
Improved durability 
Other material characteristics 
Whole life cost 
 
The test case organisation is a leading construction products manufacturer in the UK with an 
annual (2010) production of ready-mixed concrete of 2.0 million m3 thereby representing 
approximately 15% of the market (MPA, 2011). The case study organisation is also 
considered to have a well developed approach to sustainability and has been reporting annual 
sustainability performance against the GRI to an externally verified application level of A+ 
for the past three years.  
 
All ten manufacturing sites (A-K) were chosen with similar markets in which they operate 
and the operational similarities between the physical operating equipment such as age of 
equipment and mixing capacity. All ten manufacturing sites have been coded to prevent them 
being identified. For the purposes of this paper two ready-mixed concrete mixes were 
assessed at each of the ten sites based on 2010 performance and monitoring data. The sample 
of 10 sites was taken from a pool of 12; this represents over 80% of the particular ready-
mixed concrete business which is entirely located within the greater London area. 
 
 The first ready-mixed concrete product (Mix I) was a standard 40 Newton strength mix 
using no additives or cement/virgin aggregate replacements.  
 The second ready mixed concrete product (Mix II) was again a 40 Newton strength mix 
but with 30% of the Portland cement replaced by pulverised fly ash (PFA) using no 
additives or secondary/recycled aggregates. PFA is a by-product of coal fired electricity 
generation and as such has a much lower embodied carbon value compared to traditional 
Portland cement. 
 
Each of the two mixes was assessed at each manufacturing site; in addition a proprietary mix 
was assessed at site A (this particular mix could not be produced at another location and 
hence it would have been false to assess it even at a theoretical level at the other sites). 
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4. Key findings 
 
The assessment results highlighted a number of issues of interest; the overall scores for each 
section of the framework are presented here. The results are split into the raw materials 
section (Table 1); manufacturing and use sections (Table 2) and the total assessment scores 
(Table 3). Each table of results shows the score achieved the maximum possible score and the 
percentage level of achievement. This last parameter is of particular relevance as the number 
of available points is not equal over all three sections; they are approximately in a 1:2:1 ratio 
in respect to the raw materials, manufacture and use sections. This level of focus on the 
manufacturing section is not surprising considering that the weighting exercise (Ghumra et al, 
2011a) was conducted by employees from the test case organisation. However at the time of 
the weighting exercise the issues were grouped by environmental, social and economic issues 
which give further assurance to the validity of the groups of issues in each section of the 
assessment framework.  
 
Table 1: Raw materials section scores for Mixes I and II 
  Manufacturing Site 
 
 A B C D E F G H J K 
Mix I Raw Materials Score 3 2 2 2 0 3 0 2 4 4 
 
Maximum 16 16 16 16 16 16 16 16 16 16 
 
Percentage 19% 13% 13% 13% 0% 19% 0% 13% 25% 25% 
Mix II Raw Materials Score 7 6 6 6 4 7 4 6 8 8 
 Maximum 16 16 16 16 16 16 16 16 16 16 
 Percentage 44% 38% 38% 38% 25% 44% 25% 38% 50% 50% 
 
The scores from the raw materials section show that the standard 40 Newton strength ready-
mixed concrete product (Mix I) did not perform particularly well across all of the sites; the 
fact that two sites failed to score any points in this section is concerning. Two plants scored 
25% of the points available which was due to the same issue i.e. the sourcing of raw 
materials. Mix I would be expected to score relatively low as there are no additives or 
cement/aggregate replacements which means that the only questions that could be scored are 
those relating to adding value and the use of recycled water on site (which was not scored by 
any site).  
 
Mix II (30% PFA) showed improved scores for all sites. There was an uplift of 4 points for all 
sites from the Mix I results. This was due to the reduction in embodied carbon of the mix 
from an average of 383 kg CO2/m3 to 309 kg CO2/m3, a reduction of 20%. The other 2 points 
came from the replacement of Portland cement at a proportion greater than 25%, whilst these 
additional points have been achieved by changing one parameter it is conceivable that a 
proportion of the Portland cement could be replaced with another cementitious material that 
may not yield the same reduction in embodied carbon.  
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Table 2: Manufacturing and Use section scores for Mixes I and II 
  Manufacturing Site 
 
 A B C D E F G H J K 
Mix I Manufacturing Score 13 12.5 6 9 7 5 4 12 5 6 
& Maximum 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 
Mix II Percentage 44% 42% 20% 31% 24% 17% 14% 41% 17% 20% 
Mix I Use Score 0 0 0 0 0 0 0 0 0 0 
& Maximum 14.5 14.5 14.5 14.5 14.5 14.5 14.5 14.5 14.5 14.5 
Mix II Percentage 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
 
The manufacturing section of the assessment was structured to be independent of the products 
that were manufactured at site; the scores for Mix I and Mix II (made at the same site) are 
therefore the same and for the purposes of brevity have been consolidated into the top half of 
Table 2. Site G is again one of the worst performing but site A performs the best whilst sites J 
and K perform at an average level. All sites have up to date and relevant training records and 
good health & safety statistics which accounted for 4 of the points at each site. Average 
contribution of the sites varied considerably as did the operational efficiency. In general the 
record keeping of the community issues (donations of cash, time, materials and visitors to 
sites) was poor which meant that few sites scored for more than one of these sub issues. 
 
Disappointingly no sites were able to provide demonstrable evidence to award any points in 
the third section of the assessment framework looking at the use of the product. This section 
asks whether: 
 There is a company claim to improved durability of the product against a standard product 
and if so has such a claim been verified by a third party or through a specific case study? 
 There are any additional benefits to the user/installer of the product; defined as not 
durability related i.e. improved thermal performance? 
 There is a company claim to reduced whole life costs of the product against a standard 
product i.e. through reduced maintenance and if so has such a claim been verified by a 
third party or through a specific case study? 
 
However a subsequent assessment of a proprietary ready-mixed concrete product scored 7 of 
the 14.5 points available indicating that the structure of the questioning in the ‘use’ section is 
reasonable if only for the more technically designed proprietary products. This proprietary 
mix scored 12 points in the raw materials section and was manufactured at Site A. Clearly the 
assessment of a single product at one site is not conclusive to support the validity of the 
questions in the use section.  
 
Table 3 shows the total assessment score for Mix I and Mix II. Across the 10 sites Mix I 
scored an average of 10.15 and Mix II scored an average of 14.15 clearly indicating that there 
is some general improvement in assessment by replacing 30% of the Portland cement with 
PFA. The special mix manufactured at Site A scored 33 points out of 60. There are many 
cross cutting issues present in these results which will be discussed in the next section.  
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Table 3: Total assessment scores for Mixes A and B 
  Manufacturing Site 
 
 A B C D E F G H J K 
Mix I Total Score 16 14.5 8 11 7 8 4 14 9 10 
 
Maximum 60 60 60 60 60 60 60 60 60 60 
 
Percentage 27% 24% 13% 18% 12% 13% 7% 23% 15% 17% 
Mix II Total Score 20 18.5 12 15 11 12 8 18 13 14 
 
Maximum 60 60 60 60 60 60 60 60 60 60 
 
Percentage 33% 31% 20% 25% 18% 20% 13% 30% 22% 23% 
 
 
5. Discussion 
 
Mix II showed some improvements over the standard Mix I in the assessment framework, the 
relatively low scores are perhaps an indication that some areas of operational management 
and record keeping are not as rigid as could be expected. This section will discuss some of the 
general themes that have arisen from the use of the assessment framework and answer the 
research questions outlined at the beginning of this paper. Although not specifically itemised, 
LCA was present in a streamlined form in the embodied carbon question in the raw materials 
section and other environmental issues were peppered throughout the assessment. The 
questions relating to employees were generally well answered but issues relating to 
community engagement were disappointing. The lack of economic awareness and secondary 
benefits of ready-mixed concrete were also lacking in the outcomes of the assessment. This 
multi criteria approach is perhaps simplistic in its structure but the target user audience is 
somewhat different to other such multi criteria works (Elghali et al, 2008). In closing this 
section will seek to consider the future opportunities for this framework for the test case 
organisation and the wider construction products sector.  
 
5.1  Outputs of the assessment framework 
 
The most significant difference between Mix I and Mix II was the addition of PFA as a 
cement replacement, this single change lead to the scoring of an additional 4 points which 
proved to be the only difference; the manufacture scores were identical at the plant level for 
the two products and both scored zero for the use section. This finding in itself is supported 
by a number of existing research papers (Kinuthia and Otim 2012; Van den Heede and De 
Belie, 2012; Goggins et al, 2010) that show using cement replacements such as PFA or GGBS 
can reduce the embodied carbon of concrete. There has been a greater focus on the 
operational energy of buildings and as this reduces the embodied impacts of the construction 
materials will have a greater proportion of the total impacts ( Broun and Menzies, 2011); it is 
therefore increasingly important for concrete manufacturers to reduce the embodied carbon of 
their products. However it would negate the use of a broader sustainability assessment 
framework if the differences were only drawn on this basis.  
 
There was a clear focus on the manufacturing element of the assessment and here there are 
clear differences between the operation and management of the concrete sites. The range of 
performance between the best performing and the worst was 30%. This analysis could be fed 
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directly back to the local management team so that checks and audits can be carried out to 
ensure those sites are in compliance with the requirements of the management systems such 
as ISO 14001. There were some general areas that cut across the assessment framework which 
are discussed in more detail below.  
 
5.1.1  Environmental product information and LCA 
 
The assessment framework has acknowledged the need for a more developed LCA model for 
use within the case study organisation rather than a bigger carbon calculator which is the basis 
of the embodied carbon question. This was developed on the basis of what is available in the 
organisation rather than what it perhaps could have. The practical application and use of the 
framework can only be achieved if it relies on the tools and data that currently exists and 
helps to shape where future requirements are likely to come. Sustainability in construction 
and the role of LCA is well documented (Ortiz et al, 2009) and at a more general level the 
link between environmental product information and LCA (Doublet and Jungbluth, 2010) 
however questions are still (quite correctly) asked by the likes of Ingwersen and Stevenson 
(2012) as to whether we can actually ‘compare the environmental performance of this product 
to that one?’.  Other issues such as waste and water recycling are present in the framework 
but the use of a more inclusive LCA model would allow all of these environmentally based 
questions to be collated and the questions restructured to reflect this. However this is not a 
limitation of the framework moreover it is the means of highlighting the future trends in EPDs 
which in turn will be accommodated in a revised assessment framework.  
 
5.1.2 Social issues 
 
Some aspects of societal issues are well documented in the construction industry and have a 
strong connection with it, health and safety being the most obvious of these. There have been 
numerous initiatives to reduce the number of injuries sustained by employees in the 
workplace at the case study organisation for a number of years which has seen the number of 
injuries fall at its greatest rate (Aggregate Industries, 2010). There has also been significant 
effort in recording employee training records and ensuring that people are equipped with the 
right skills necessary for their job role or specific task. It was therefore not surprising that all 
sites scored questions related to these topics particularly well. Part of the assessment 
framework should be to recognise sites that are engaged in the corporate objectives; it will 
also send a clear message to those that are not. Part of the rationale for developing such a 
framework was for the case study organisation to better understand how sustainability can be 
assessed in the ready mixed concrete business, it was therefore important to include issues 
that are relevant to the sites and the people working on them.  
 
5.1.3  Inter-linking issues 
 
Life cycle costing is ‘not associated with environmental costs but costs in general’ (Ness et 
al, 2007). It is possible to assign monetary values to environmental impacts and produce 
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environmental accounts (Puma, 2011) but that is not the purpose of the framework. Often 
businesses utilise specific tools in isolation and often such activities are carried out by 
different people. There was a complete lack of understanding relating to life cycle costs of 
Mix I and Mix II, only the special product which had been designed with such considerations 
in mind was able to score against this issue. Issues such as durability have been identified as 
being significant to industry stakeholders (Toledo Filho et al, 2012) and other product 
properties which can give competitive advantage in the marketplace. One outcome from this 
part of the analysis is that there is a need to better understand, calculate, communicate and 
convey the life cycle benefits of ready-mixed concrete products in general. The durability of 
the construction asset needs to be considered alongside the durability of the construction 
material itself (Mora, 2007). Henry and Kato (2011) designed a sustainability assessment 
framework for concrete in Japan and concluded that, “the concrete with better properties was 
generally selected as most sustainable regardless of the design scenario” which suggests that 
such decisions are consequential rather than informing one another in an iterative decision 
making process.  
 
 
The Building for Environmental and Economic Sustainability (BEES) approach (Lippiatt and 
Ahmed, 2004) is one of the better examples of combining LCA with other economic models 
there is a specific case study on concrete which supports the results of this analysis that Mix II 
(30% PFA) is inherently more sustainable than Mix I (100% Portland cement), whilst this 
may seem completely intuitive there are situations where using a substitute material can 
actually increase the embodied carbon with seemingly no other life cycle benefits to trade off 
against (often this is a matter of the scope and boundary of the LCA). Another example of 
combining the economic and environmental issues is presented by Ding (2005)  which 
assesses the materials and also starts to consider the building into which the materials will be 
used, approaches like this are useful but have limited scope for manufacturers as production 
impacts are submerged within the operation of the building. Multi-criteria approaches that are 
so complex that they require software solutions (Zhou et al, 2009) serve a particular need 
however industry stakeholders are naturally sceptical of such ‘black box’ approaches 
(Ghumra et al, 2011a). Skaar and Fet (2012) summarise the potential juxtaposition (between 
EPDs and CSR), ‘Selecting indicators is however a balancing act where the needs of both 
internal…and external stakeholders… must be considered’. This view is partially supported 
by the work of Ozdemir et al (2011) where the ‘value’ of the end result needs to be carefully 
understood. The work of Lozano and Huisingh (2011) assesses a number of company 
sustainability reports and concludes that a new section of reporting should be entitled “inter-
linked issues” because by following a prescriptive checklist system, cf GRI, issues tend to be 
compartmentalised; however a more useful approach would be to create the links between 
issues rather than to bundle some together in another silo.  
 
 
 
 
DEVELOPING A SUSTAINABILITY ASSESSMENT FRAMEWORK FOR READY-
MIXED CONCRETE 
 
158 
5.3 Benefits and limitations 
 
The results of the assessments have shown that the framework can be applied to ready-mixed 
concrete products manufactured at 10 sites for two different products. The structure of the 
framework and question set has highlighted the need for the organisation to better understand 
whole life issues relating to cost and social benefits in particular. The framework represents 
another facet of embedding sustainability into the case study organisation which does not 
need an overly complex process (Lozano, 2012) to identify gaps but an evolution of activity 
built upon real business performance.  
 
It is accepted that almost 75% of the assessment focuses on the impacts of the raw materials 
and manufacture and only 25% remains for the use and end of life issues, this has resulted 
from the weighting exercise which was conducted within the case study organisation and 
therefore the inherent bias is acknowledged, this might also go some way to explain why such 
little consideration is give to the use phase of products. There appears to be a disconnect 
between the economic issues and the environmental issues, a greater ‘life cycle thinking’ or 
systems thinking (Adetunji et al, 2003) approach is needed if the ‘sustainable brand’ of 
products is to become mainstream. However as such systems develop in the case study 
organisation it will be possible to demonstrate the ‘inter-linking issues’ (Lozano and 
Huisingh, 2011) much more transparently than the organisation is currently able to 
demonstrate. This framework works well at the operational and perhaps tactical level; 
however it does lack a strategic view on assessment which is its biggest limitation.  
 
6. Conclusions and recommendations 
 
Sustainability in the UK construction sector is not a new subject of discussion. Policy 
instruments, standards and assessment schemes have all contributed to a wealth of knowledge 
and understanding on the topic. However previous research identified the need to develop a 
sustainability assessment framework for concrete in the UK with the primary aim of allowing 
a concrete manufacturer to better understand a range of sustainability actors. This paper 
sought to test this framework on 10 ready-mixed concrete plants in the UK with a view to 
answering three research questions, namely: 
• the validity of the outputs of the assessment framework  
• the specific benefits of this approach to the manufacturer and wider industry  
• the limitations of such an approach 
 
The results of the framework were based on testing two different concrete mixes of the same 
technical strength. The first Mix I was a standard product with no replacement aggregates or 
Cementitious materials, the second (Mix II) had 30% of the Portland Cement replaced with 
PFA. The only difference between assessment scores at the same sites was due to the use of 
PFA which has already been well established. However there were a range of issues relating 
to the assessment of the sites themselves which could be due to individual local management. 
An outcome of this research will be to feedback the results to the respective sites so that they 
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have the opportunity to improve. The outputs/results of the assessment are valid in isolation 
as they are a categorisation of the facts i.e. the amount of waste going to landfill from the site. 
A more thorough analysis would be to compare these outputs to a wider range of concrete 
mixes and more sites.  
 
The framework has direct benefits to the organisation by drawing together a range of issues 
under a single assessment. This allows for a greater level of broader sustainability thinking 
and to raise awareness of the ‘interlinkedness’ (Lozano and Huisingh, 2011) of the issues. The 
general principles of the framework could easily be adapted for other concrete manufacturers 
and indeed extended for other product groups.  
 
There are however some limitations of the framework these being: 
 
• The lack of transparency of the aggregated scores i.e. what do they mean and what 
should be done about the results 
• There are overlaps with existing corporate and management objectives so this may 
seem like duplication to business operators 
• The need for methodological pluralism needs to be more clearly defined in the aims 
and objectives of the framework i.e. how does this fit in with corporate objectives and 
organisational culture. 
 
There are a number of further work streams that can be pursued following this paper; these 
being the extension of the validation of the framework in an international context; the 
assessment of another construction product or multiple products and a large scale application 
of this assessment for ready-mixed concrete at a UK sector level. Convening an external focus 
group on the generic framework could provide useful feedback on the process and 
methodology of the assessment process.  
 
Acknowledgements 
 
The authors would like to thank the staff at Aggregate Industries for their input and guidance 
to this research. This work is part of a collaborative Engineering Doctorate between 
Aggregate Industries, BRE and the CICE at the School of Civil and Building Engineering at 
Loughborough University funded by EPSRC. The authors are not aware of any conflicts of 
interest arising from the submission of this paper to the Journal of Industrial Ecology. 
 
References 
 
Adetunji, I., Price, A., Fleming, P., Kemp, P., 2003. The Application of Systems Thinking to 
the Concept of Sustainability. The Proceeding of the Association of Researchers in 
Construction Management (ARCOM), University of Brighton, UK, 3-5 September, 161 - 170. 
 
Aggregate Industries., 2010. Sustainability Report (2011) [Online] Available from 
www.aggregate.com/ sustainability/ [Accessed 28/12/11]. 
DEVELOPING A SUSTAINABILITY ASSESSMENT FRAMEWORK FOR READY-
MIXED CONCRETE 
 
160 
 
Aggregate Industries., 2009. [Online] Available from www.aggregate.com/ 
sustainability/waste-minimisation-plan/ [Accessed 28/12/11]. 
 
Anderson, J., Shiers, D., Steele, K., 2009. Green Guide to Specification, Fourth Edition, BRE 
Global, Garston, UK. 
 
Azapagic, A., 2003. Systems approach to corporate sustainability- A General Management 
Framework. Trans IChemE, 81, Part B, 303 - 316. 
 
Berardi, U., 2011. Comparison of sustainability rating systems for buildings and evaluation of 
trends, In:Proceedings of the World Sustainable Building Conference, 17-21 October 2011, 
Helsinki, Finland, SB11,  Volume 2; 62 - 63 Extended abstract. 
 
BIS, 2008. Strategy for Sustainable Construction. Department for Business Innovation and 
Skills. London HMSO. 
 
BRE., 2011. BRE website. [Online] Available from www.breeam.org/page.jsp?id=66 
[Accessed 10/12/11]. 
 
BRE., 2009. BES 6001: Framework Standard for the Responsible Sourcing of Construction 
Products. BRE, Garston. 
 
BSI (British Standards Institute)., 2006. BS 8900:2006, Guidance for managing sustainable 
development. 
 
BSI (British Standards Institute)., 2009. BS 8902:2009, Responsible sourcing sector 
certification schemes for construction products – Specification.  
 
BSI (British Standards Institute)., 2010. BS 8903:2010, Principles and framework for 
procuring sustainably – Guide. 
 
BSI (British Standards Institute)., 2011., BS 8905:2011, Framework for the assessment of the 
sustainable use of materials – Guidance.  
 
Broun, R., Menzies, G.F., 2011. Life Cycle Energy and Environmental Analysis of Partition 
Wall Systems in the UK, Procedia Engineering 21, 864 – 873.  
 
Campbell-Lendrum, E., Feris. J., 2008. Trialling Ceequal on a London railway embankment. 
Proceedings of the Institution of Civil Engineers Engineering Sustainability 161 (1), 71 – 76. 
 
CEEQUAL, 2011. Ceequal Website. [Online] Available: www.ceequal.com [Accessed: 
02/12/11]. 
 
CEN M350., 2007. European Standards Mandate M350 Sustainability of Construction Works 
(2010) [Online] Available from www.bsigroup.com/Standards-and-Publications/Committee-
Members/Construction-committee-members-area/M350-Standards/?id=158921 [Accessed 
23/12/11]. 
 
 Paper 4: Framework Results in the UK  
 
 161 
Co-operative, 2011. [Online] Available from www.co-operative.coop/join-the-revolution/our-
plan/ [Accessed 28/12/11].  
 
CPA, 2011. Construction Products Association website [Online] Available from 
www.constructionproducts.org.uk/ [Accessed 28/12/11]. 
 
Dainty, A. in Knight, A. and Ruddock, L. (Ed)., 2008. Advanced Research Methods in the 
Built Environment, Riley Blackwell, Oxford. 
 
DECC., 2011. Climate Change Agreements [Online] Available from 
www.decc.gov.uk/en/content/cms/emissions/ccas/ccas.aspx [Accessed 27/12/11]. 
 
Ding, G.K.C., 2005. Developing a multi criteria approach for the measurement of sustainable 
performance. Building Research and Information 33 (1), 3 – 16. 
 
Doublet, G., Jungbluth, N., 2010. Environmental product information (EPI) and LCA. 
International Journal of Life Cycle Assessment 16, 90 – 94. 
 
EA., 2011. CRCEE League table [Online] Available from www.environment-
agency.gov.uk/business/topics/pollution/127996.aspx [Accessed 25/12/11]. 
 
Egan, J., 1998. The Egan Report - Rethinking Construction. Report of the Construction 
Industry Task Force to the Deputy Prime Minister. London HMSO. 
 
Elghali, L., Clift, R., Begg, K.G., McLaren, S., 2008. Decision support methodology for 
complex contexts. Proceedings of the Institution of Civil Engineers Engineering 
Sustainability, 161 (1), 7 – 22. 
 
Elkington, J., 1998. Cannibals with forks: The triple bottom line of 21st century business. 
Oxford, UK: Capstone. 
 
Ghumra, S., Watkins, M., Phillips, P., Glass, J., Frost, M.W., Anderson, J., 2009. Developing 
a LCA-based tool for infrastructure projects. In: Dainty, A. (Ed) Procs. 25th Annual ARCOM 
Conference, 7-9 September 2009, Nottingham, UK, Association of Researchers in 
Construction Management, 1003 - 1010.  
 
Ghumra, S., Glass, J., Frost, M W., Watkins, M., Mundy, J., 2011a. “Materials & Energy 
Assessment in Ceequal Transport Projects”. Proceedings of the Institution of Civil Engineers 
Transport 164 (3), 153 - 164. 
 
Ghumra, S., Glass, J., Frost, M.W., Watkins, M., Mundy, J., 2011b. Stakeholder views of 
materials selection for road pavements. In: Liu, S.Z. (Ed) Procs 3rd Annual International 
Postgraduate Conference on Infrastructure and Environment, 11-12 July 2011, Hong Kong, 
China, Faculty of Construction and Land Use, 1: 69 - 74. 
 
Ghumra, S., Glass, J., Frost, M. W., Watkins, M., Mundy, J., 2011c. Developing a Framework 
for the Sustainability Assessment of Construction Products In:Proceedings of the World 
Sustainable Building Conference, 17-21 October 2011, Helsinki, Finland, SB11,  Volume 2; 
420 - 421 Extended abstract. 
DEVELOPING A SUSTAINABILITY ASSESSMENT FRAMEWORK FOR READY-
MIXED CONCRETE 
 
162 
 
Ghumra, S., Glass, J., Frost, M. W., Watkins, M., Mundy, J., 2011d. Validating a set of 
empirically weighted sustainability indicators for construction products In: Egbu, C. and Lou, 
E.C.W. (Eds.) Procs 27th Annual ARCOM Conference, 5-7 September 2011, Bristol, UK, 
Association of Researchers in Construction Management, 1115 -1124. 
 
Goggins, J., Keane, T., Kelly, A., 2010. The assessment of embodied energy in typical 
reinforced concrete building structures in Ireland. Energy and Buildings 42 (5), 735 – 744. 
 
Haapio, A.. Viitaniemi, P., 2008. A critical review of building environmental assessment 
tools, Environmental Impact Assessment Review 28 (7), 469 - 482. 
 
Henriques, A., 2001. Sustainability. A manager’s guide. London: British Standards 
Institution. 
 
Henry,M., Kato,Y., 2011. An assessment framework based on social perspectives and 
Analytic Hierarchy Process: A case study on sustainability in the Japanese concrete industry. 
Journal of Engineering and Technology Management 28 (4), 300 – 316. 
 
HMRC., 2010. [Online] Available from search.hmrc.gov.uk/ 
kb5/hmrc/hmrc/results.page?qt=guide+to+landfill+tax [Accessed 24/12/11]. 
 
IGT, 2010. Low Carbon Construction-Innovation & Growth Team; Final Report. London 
HMSO.  
 
Ingwersen, W.W., Stevenson.M.J., 2012. Can we compare the environmental performance of 
this product to that one? An update on the development of product category rules and future 
challenges toward alignment, Journal of Cleaner Production 24,102 - 108.  
 
ISO 14044.,2006. Environmental Management – Life Cycle Assessment – Requirements and 
guidelines. ISO (International Organization for Standardization), Brussels. 
 
ISO 14024.,2001. Environmental labels and declarations – Type I environmental labelling – 
Principles and procedures. ISO (International Organization for Standardization), Brussels. 
 
ISO 14021., 2001. Environmental labels and declarations – Self declared environmental 
claims (Type II environmental labelling). ISO (International Organization for 
Standardization), Brussels. 
 
ISO 14025., 2010. Environmental labels and declarations – Type III environmental 
declarations – Principles and procedures. ISO (International Organization for 
Standardization), Brussels. 
 
ISO 21930., 2007. Sustainability in building construction – Environmental declaration of 
building products. ISO (International Organization for Standardization), Brussels. 
 
Jeswani, H.K., Azapagic A., Schepelmann, P., Ritthoff, M., 2010. Options for broadening and 
deepening the LCA approaches, Journal of Cleaner Production 18, 120 – 127. 
 
 Paper 4: Framework Results in the UK  
 
 163 
Kier., 2011. Construction waste policy [Online] Available from www.kier.co.uk/ 
responsibility/section.asp?Id=1 [Accessed 27/12/11]. 
 
Kinuthia, J.M., Oti, J.E., 2012. Designed non-fired clay mixes for sustainable and low carbon 
use. Applied Clay Science 59–60, 131 – 139. 
 
Latham, M., 1994. Constructing the team – Final report, London HMSO. 
 
Leckie, S., 2010. Briefing: “A new approach to decarbonising infrastructure projects”. 
Proceedings of the Institution of Civil Engineers Engineering Sustainability 163 (1), 10. 
 
Lozano, R., 2012. Towards better embedding sustainability into companies’ systems: an 
analysis of voluntary corporate initiatives. Journal of Cleaner Production 25, 14 - 26. 
 
Lozano, R., Huisingh, D., 2011. Inter-linking issues and dimensions in sustainability 
reporting, Journal of Cleaner Production 19, 99 - 107. 
 
Lippiatt, B., Ahmad, S., 2004. Measuring the life-cycle environmental and economic 
performance of concrete: the BEES approach. In: International workshop on sustainable 
development and concrete technology, Beijing; May 20 – 21. 
 
Mora, E., 2007. Life cycle, sustainability and the transcendent quality of building materials. 
Building and Environment 42 (3), 1329 - 1334. 
 
MPA., 2010. Mineral Products Association 2010 Sustainability Report (2011) [Online] 
Available from www.mineralproducts.org/sustainability/pdfs/SD_Summary_Report_2011.pdf 
[Accessed 28/12/11]. 
 
Ness, B., Urbel-Piirsalu, E., Anderberg, S., Olsson, L., 2007. Categorising tools for 
sustainability assessment, Ecological Economics 60 (3), 498 - 508. 
 
Ortiz, O., Castells, F., Sonnemann, G., 2009. Sustainability in the construction industry: A 
review of recent developments based on LCA, Construction and Building Materials, 23 (1), 
28 - 39. 
 
Özdemir, E.D., Härdtlein, M., Jenssen, T., Zech, D., Eltrop, L., 2011. A confusion of tongues 
or the art of aggregating indicators - Reflections on four projective methodologies on 
sustainability measurement. Renewable and Sustainable Energy Reviews 15 (5), 2385 – 2396. 
 
Pons, O., Aguado, A., 2012. Integrated value model for sustainable assessment applied to 
technologies used to build schools in Catalonia, Spain. Building and Environment 53, 49 – 58. 
 
Puma., 2011. [Online] Available from about.puma.com/puma-completes-first-environmental-
profit-and-loss-account-which-values-impacts-at-e-145-million/ [Accessed 29/12/11]. 
 
Skaar, C., Fet, A.M., 2012. Accountability in the Value Chain: From Environmental Product 
Declaration (EPD) to CSR Product Declaration, Corporate Social Responsibility and 
Environmental Management, DOI: 10.1002/csr.275. 
 
DEVELOPING A SUSTAINABILITY ASSESSMENT FRAMEWORK FOR READY-
MIXED CONCRETE 
 
164 
Steen, B., Gärling, A., Imrell, A-M. Sanne, K., 2008. Development of interpretation keys for 
environmental product declarations, Journal of Cleaner Production, 16 (5), 598 - 604. 
 
Toledo Filho, R.D., Koenders, E.A.B., Formagini, S., Fairbairn, E.M.R., 2012. Performance 
assessment of Ultra High Performance Fiber Reinforced Cementitious Composites in view of 
sustainability. Materials &amp; Design 36, 880 – 888. 
  
Van den Heede, P., De Belie, N., 2012. Environmental impact and life cycle assessment 
(LCA) of traditional and ‘green’ concretes: Literature review and theoretical calculations. 
Cement and Concrete Composites 34 (4), 431 -442.  
 
Wallbaum, H., Ostermeyer, Y., Salzer, C., Zea Escamilla, E., 2012. Indicator based 
sustainability assessment tool for affordable housing construction technologies. Ecological 
Indicators 18, 353 – 364.  
 
Zhou, C.C., Yin, G.F., Hu, X.B., 2009. Multi-objective optimization of material selection for 
sustainable products: Artificial neural networks and genetic algorithm approach. Materials & 
Design 30 (4), 1209 - 1215. 
 
 
 
 
 
 
 
 Paper 5: Testing the Framework in Canada  
 
 165 
APPENDIX F PAPER 5: TESTING THE FRAMEWORK IN 
CANADA 
 
Full Reference 
 
Ghumra, S., Glass, J., Frost, M. W., Watkins, M., Mundy, J., 2012. Internationalizing a UK-
based sustainability assessment framework for construction products  In: Proceedings of the 
Building Sustainability Assessment Conference, 23-25 May 2012, Porto, Portugal.   
 
 
Abstract 
 
Globally, issues connected to sustainability have gained prominence in the past 30 years; 
policies and legislation on these matters are now understood to be critical to sustained 
economic growth. As a significant contributor to any economy the construction sector has not 
been untouched by these political shifts. Sustainability assessment is well established in many 
parts of the world for buildings and civil engineering projects with schemes such as 
BREEAM and LEED which continue to adapt to changes in policy and regulation. Schemes 
such as these focus on the construction asset whilst giving some recognition to the materials 
used. Specific aspects of product assessment are widely communicated in the form of various 
quantified footprints and product declarations. The lack of a holistic sustainability approach 
for construction products has lead to the development of a sustainability assessment 
framework for ready mixed concrete in the United Kingdom. Previous research has critically 
reviewed this framework in a UK context. This paper will demonstrate the validity of 
applying this approach in an international context; three ready mixed concrete products from 
Canada and the UK are compared in this research. The three product mixes ranged from no 
additives/material substitutes to special mixes with specific design characteristics. In general 
the overall assessment of the products in the different countries was similar thereby showing 
support for the validity of the previously developed assessment framework.  The results are of 
sufficient interest to extend this research to include a wider range of ready mixed concrete 
products at multiple locations within other countries to better understand national variances. 
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Introduction  
Over the past 30 years there has been a proliferation of sustainability driven reports, policies 
and legislation; these matters are now understood to be critical to sustained economic growth. 
The construction industry is a key sector in the world’s economy and one which has yet to 
recover from the global recession. Some companies in the construction sector are looking to 
sustainability for competitive advantage and long term survival.  
 
Sustainability is being addressed in construction sectors all over the world but the stage of 
maturity and level of engagement varies. Schroeder and Robinson (2010) propose that ‘Green 
is free’ and organisations can achieve ‘sustainable competitive advantage through green 
excellence’, however what is lacking in some organisations is the lack of a clear sustainable 
vision (Mirvis et al, 2010) and there is a tendency to lean towards a particular discipline or 
aspect (van Bommel, 2011) rather than to consider a more holistic view of sustainability. 
Construction products manufacturers often manufacture a wide range of products and hence it 
is difficult to create a meaningful understanding of sustainability for everything. In the UK 
precast concrete sector a review of specific sector strategies for sustainability concluded that a 
generic strategy for all construction products can not be achieved (Holton et al, 2008). It was 
against this background of existing research that the need was identified to develop a holistic 
approach to sustainability assessment for ready-mixed concrete specifically which could then 
be applied to other manufacturers in countries with an equally developed sustainability related 
legislative and policy framework.  
 
This paper presents an overview of the leading worldwide sustainability rating systems and 
the specific approaches available for construction products. The developed assessment 
framework is shown for ready-mixed concrete and the results displayed for both the UK and 
Canadian manufacturing units. The validity of the framework for the Canadian manufacturing 
units is discussed. The review of the original UK framework is the subject of another 
publication (Ghumra et al, 2012). The paper concludes with a number of recommendations for 
industry and areas for further research. 
 
Sustainability assessment of buildings 
Both the UK and Canada have well developed sustainability assessment schemes for 
buildings and civil engineering works. The UK has BREEAM (BRE Environmental 
Assessment Method) for non-domestic buildings and Ceequal for civil engineering and public 
realm projects. Canada has adopted the US LEED system (Leadership in Energy and 
Environmental Design) for both construction types.  
 
BREEAM was developed by BRE in 1990 and was the first assessment scheme of its type in 
the world (BRE, 2011). BREEAM assesses the building against ten sections which includes 
materials; there are a number of questions within the materials section that specifically 
address the life cycle impacts of materials and construction products. The Green Guide to 
Specification (Anderson et al, 2008) is the tool that much of the construction products sector 
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relies on for life cycle information and is an integral part of the assessment within the 
materials section in BREEAM. Ceequal is the assessment and awards scheme for improving 
sustainability in civil engineering, landscaping and the public realm. Ceequal was officially 
launched in 2003 and has since presented over 190 project awards (Ceequal, 2008). This 
question set covers twelve sections which also includes a specific chapter on materials. The 
life cycle impact information for civil engineering materials and products is not provided by 
Ceequal, and as such some of the questions relating to materials are subjective. Both 
BREEAM and Ceequal have links to other national assessment schemes and compete with 
LEED in a number of markets. LEED was initially conceived by the US Green Building 
Council in 1998 and has since then developed an international reputation and profile (LEED, 
2011). Similar to BREEAM there are a six different sections one of which addresses materials 
and resources. The life cycle impacts are not as well defined as that in BREEAM but this is an 
area that will be developed in future versions. The Canadian Green Building Council has 
adopted LEED. There are a number of studies relating to the review of such sustainability 
rating systems (primarily focused on the building environment). There is a clear emphasis on 
environmental issues in such systems but it has been suggested by Umberto (2011) that “more 
complete rating systems are necessary to assess the multi-dimensional aspects of 
sustainability” a point previously echoed by Haapio and Viitaniemi (2008). Extending the 
scope of existing schemes would be more practical and beneficial to an industry already being 
overwhelmed by initiatives and tools. The developed framework took this approach by taking 
existing schemes and standards and extending the scope of assessment (Ghumra et al, 2011a).  
 
Sustainability assessment for construction products  
As the assessment systems outlined above have a strong emphasis on the environmental 
issues the same could be said for the assessment of products as well. Life Cycle Assessment 
(LCA) has developed into a widely used tool in both the UK (Anderson et al, 2008), Canada 
(Athena, 2011) and many other parts of the world. Pioneers of LCA have indicated that its use 
for communication and understanding of environmental impacts for products will increase 
significantly over the next 5 years (Fava et al, 2011). There are limitations to the use of LCA 
(Udo de Haes et al, 2008) but in the main LCA is recognised as a tool which can improve the 
sustainability of construction (Ortiz et al, 2009). Environmental Product Declarations (EPDs) 
are the outputs of an LCA; it can be in the form of a single indicator such as a carbon 
footprint or a range of indicators. Importantly for construction products in the European 
Union is the development of a suite of standards which will seek to harmonise building level 
sustainability assessment across member states (TC 350, 2010). Any research in the 
sustainability assessment framework area needs to be aware of these developments so that 
such work can be easily adapted at a later date.  
 
Other researchers such as Chen et al, (2010) have developed their own sustainable 
performance criteria and have moved away from the integrated approach offered by LCA to a 
series of individual metrics and issues that are independently assessed or evaluated; issues are 
often derived from interviews and questionnaires and give a view for a particular sector or 
product group. Therefore LCA forms a key part of the sustainability assessment of a product; 
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the most common use of this is through carbon footprinting. Holton et al (2008) showed that a 
generic strategy for construction products would not work due to the diverse range of 
products and functional differences within such a broad area. The BEES (Building for 
Environmental and Economic Sustainability) approach brings together the environmental and 
economic scores of products assessment into an overall score (Lippiatt & Ahmad, 2004). The 
extension of this approach combined with the work of Chen et al (2010) and a recently 
launched British Standard (BSI, 2011) has helped to shape the structure and methodology of 
the assessment framework presented in section 5. 
 
Characteristics of ready mixed concrete  
Global concrete production is around 6 billion tonnes per annum with the growing Asian 
economies representing the biggest markets (Lippiatt and Ahmad, 2004). There are dedicated 
sources of information relating to the sustainability of concrete which are being 
communicated by a number of trade associations in the UK and Canada. Concrete is typically 
made up of cementitious (ordinary Portland cement or cement substitutes) content, 
aggregates, water and admixtures. The Portland cement content is the greatest source of 
embodied carbon within concrete. Cement manufacturers are continuously looking to produce 
low carbon cements (Price, 2009). A breadth of literature is available demonstrating the 
durability of concrete (Chidiac, 2009) which some organisations feel is not adequately 
reflected in LCA studies. A great deal of research has been undertaken relating to the use of 
recycled aggregates in concrete (Kou and Poon, 2009; Parry, 2004) and the use of cement 
alternatives such as Pulverised Fly Ash (PFA) and Ground Granulated Blast Slag (GGBS) 
(Berndt, 2009; Henry et al, 2011). It is important to understand the differences between 
sustainable materials and the sustainability of the construction asset (Mora, 2007). The use of 
recycled aggregates and cement alternatives is seen as a key mechanism to reduce the 
embodied carbon of concrete; the assessment framework was developed with consideration 
for these issues. A number of other issues were included in the assessment framework which 
are summarised in the next section. 
 
The assessment framework  
This section summarises the development of the framework and presents an outline of the 
questions within the assessment. An initial series of interviews were conducted with 
stakeholders from the construction industry. The results yielded a hierarchy of issues that 
were most significant to those interviewed (Ghumra et al, 2011a); carbon footprinting, 
environmental issues, durability, maintenance and LCA were among the top 5 issues cited. A 
desktop study of the leading sustainability assessment schemes revealed certain areas of 
consensus and some gaps which were supplemented with issues identified from the interviews 
(Ghumra et al, 2011c). The issues were collated into social, environmental and economic 
groups thereby reflecting the triple bottom line approach espoused by Elkington (2007). 
Following the identification of the individual issues a weightings exercise was undertaken by 
employees of a construction products manufacturer (Ghumra et al, 2011b) which then allowed 
points to be allocated to each issue. Questions specific to the raw materials, manufacture and 
use of concrete were developed to arrive at the final sustainability assessment framework for 
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ready-mixed concrete. The weightings and grouping of the issues are such that the three 
aspects of sustainability were equally weighted, when these questions were reallocated against 
the various life cycle stages they became more heavily focused on the manufacturing stage. A 
C40 Newton concrete was specified as the base mix and benchmark concrete mix (Mix A). 
For other strength mixes it would be advisable to use the correlating strength standard 
Portland cement mix as the base mix. The assessment framework is designed to be used as an 
internal tool for a manufacturer to better understand the sustainability credentials of ready-
mixed concrete products. A summary of the assessment framework headings and question 
areas is shown in Table 1 below with the maximum points available in parenthesis: 
 
Table 1: Question areas within the developed assessment framework 
Raw Materials Manufacture Use 
Carbon footprint (5) 
Water usage (3) 
Virgin aggregate replacement (2) 
Portland cement replacement (2) 
Adding value to raw materials  
(4) 
 
Waste to landfill (5)  
Biodiversity plan (3) 
Average miles to site (3.5) 
Training & Health & Safety (4) 
Community engagement (4) 
Contribution (6) 
Equipment efficiency (4) 
 
Improved durability (5) 
Material characteristics (3.5) 
Whole life cost (6) 
 
Results  
The results from the assessments are summarised in Tables 2 - 4. Whilst Mix A is a 
comparable mix of product (between the UK and Canadian units) with only virgin aggregate 
and Portland cement, Mix B differs slightly as the UK variant has a 30% PFA replacement of 
the Portland cement whereas the Canadian Mix B has a 30% GGBS replacement, this is due 
to the availability of PFA in the locality to the specific Canadian ready-mixed concrete unit. 
Mix C (UK) contains in excess of 50% GGBS and some additives such as plasticizer. The 
Canadian Mix C maintains the 30% replacement of cement with GGBS but includes some 
recycled aggregates in the mix. The source of these recycled aggregates is unknown without 
conducting a more in depth analysis of the unit and the supply chain involved.  
 
Table 2: Canadian Ready mixed concrete unit 
 
 Raw Materials Manufacture Use 
Mix A Score 4 13 0 
 Maximum 16 29.5 14.5 
 Percentage 25% 44% 0% 
Mix B Score 13 13 5.5 
 Maximum 16 29.5 14.5 
 Percentage 81% 44% 38% 
Mix C Score 15 13 5.5 
 Maximum 16 29.5 14.5 
 Percentage 94% 44% 38% 
 
Table 2 shows the outputs from the assessment for Mixes A, B and C for the Canadian unit. 
Mix A performs least well as would be expected for the raw materials section and scores zero 
for the use section. The unit identified in this assessment performs reasonably well in the 
manufacture section with almost 50% of the section scored. Mix B and Mix C score the same 
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in the use section but Mix C outperforms Mix B in the raw materials section which is due to 
the use of recycled aggregates in Mix C.  
 
 
Table 3: UK Ready mixed concrete unit 
 
 Raw Materials Manufacture Use 
Mix A Score 3 13 0 
 Maximum 16 29.5 14.5 
 Percentage 19% 44% 0% 
Mix B Score 8 13 0 
 Maximum 16 29.5 14.5 
 Percentage 50% 44% 0% 
Mix C Score 12 13 7 
 Maximum 16 29.5 14.5 
 Percentage 75% 44% 48% 
 
 
Table 4: Total assessment scores 
 
 Canada UK 
Mix A Total Score 17 16 
 Maximum 60 60 
 Percentage 28% 27% 
Mix B Total Score 31.5 21 
 Maximum 60 60 
 Percentage 53% 35% 
Mix C Total Score 33.5 32 
 Maximum 60 60 
 Percentage 56% 53% 
 
The UK outputs are shown in Table 3. Mix A scores the lowest in each section of the 
assessment. Mix B performs better in the raw materials but scores zero in the use section and 
Mix C improves above this by scoring 75% of the points in the first section and nearly 50% of 
the points in the third section. Mix C was able to achieve more points in the raw materials 
section due to having a lower embodied carbon figure owing to the higher percentage of 
cement replacement.  
 
The consolidated scores presented in Table 4 show that Mix A in for both the UK and 
Canadian units are very similar. Mix B scores show that the Canadian mix performs better 
than the UK Mix B, however these products are not directly comparable unlike Mix A. Mix C 
products score overall similar totals but again caution must observed due to the differences in 
product composition outlined at the beginning of this section.  
 
Over all there seems to be some agreement between the scores and the Canadian users were 
able to score against many (and in some cases more than the UK) of the questions even 
though the scoring parameters were based on UK data sets.  
 
Discussion  
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This section will present the discussion of the results, each of the three areas of the assessment 
framework shall be analysed in turn. Whilst the UK and Canada have similarly developed 
policy frameworks and sustainability rating systems in place there are a few areas highlighted 
by the assessment results that are not congruent such as the use of secondary/recycled 
materials and waste legislation.  
 
Raw materials  
The standard mix (Mix A) scored a few points for raw materials for the ‘adding value’ 
question. As Mix A is considered the standard mix (therefore there are no replacement 
materials or admixtures) a maximum of 6 points could be achieved for this section for such 
mixes; 4 for the ‘adding value’ and an additional 2 for the use of recycled water (this may be 
technical constraint in some circumstances). The mixes with higher proportions of 
replacement materials scored much better overall. There are barriers to using non-primary 
aggregates for ready-mixed concrete in the construction industry in general (Tam et al, 2010) 
but there are notable exceptions (London 2012 Olympics, 2011). Interestingly Mix C for the 
UK has a high proportion of GGBS and no recycled/secondary aggregate whereas the 
Canadian Mix C had both of these replacement materials. There are clear links in 
sustainability rating systems to recycled aggregate and secondary materials and optimisation 
models have been created to calculate the trade offs between construction cost and LEED 
points (Castro-Lacoutre et al, 2009). In the UK version of BREEAM there is a single credit 
available for the use of recycled and secondary materials used in high grade applications 
(BREEAM, 2008), however compliance for this credit requires information from a number of 
sources across the building project when other credits of similar value are more 
straightforward to achieve. It may be that policy relating to the use of non-primary aggregate 
in ready-mixed concrete is more flexible in Canada than in the UK but a specific study would 
need to be carried out on a wider scale to make such conclusions. It is often accepted that 
trade-offs need to be made between different sustainability issues (Alwaer et al, 2011) but it 
should also be acknowledged that the systems and approaches themselves have to trade off 
between accuracy/completeness and usability.  
 
Manufacture  
The manufacturing section makes up nearly 50% of the entire assessment framework (based 
on the maximum score possible). The questions in this section were structured around the 
physical operation of the unit and therefore the outputs are not mix specific but rather reflect 
the overall performance of the manufacturing unit for the previous calendar year. Each mix 
scored the same in this section for each unit in Canada and the UK. Such an approach means 
that persons using this in a manufacturing organisation would only need to answer this section 
once for each different unit regardless of the number of mixes assessed.  
 
The most significant policy differentiator (between these two countries) is that regarding the 
classification of waste. There are clear drivers to reduce the amount of waste going to landfill 
in the UK (HM Government, 2008) and waste is classified (and charged) as inert and non-
hazardous, in Canada the distinctions are not set up in the same way. Neither the UK nor the 
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Canadian unit scored the points for non-hazardous waste but did score points for sending zero 
inert waste to landfill, which is interesting considering the different policy backgrounds 
relating to waste. 
 
Biodiversity was an area that both units failed to score points for, although the Canadian 
response did provide evidence of an eco-certification process issued by the local ready-mixed 
concrete association (that was not accepted as being specific enough to score the points). Due 
to the physical location of some units (industrial estates) biodiversity is often an area that is 
overlooked. Overall the Canadian unit showed a greater level of community engagement than 
the UK unit which only recorded evidence of monetary donations. There is perhaps a stronger 
sense of community engagement in Canadian society due to the historic issues they have 
faced with the timber and forestry sectors. Although it could be that the UK unit did not 
record the relevant information.  
 
Use  
The use section was generally poorly answered. Although some feedback from the Canadian 
assessment stated, “if you are setting the initial assumption that the standard mix is similar in 
slump and strength to the alternative products you have immediately set restriction on this 
idea.” The standard mix was included so that the comparisons would be made within the same 
general performance boundaries. The Canadian Mix C scored points for the improved 
durability of the mix and a further two additional benefits however there was no evidence of a 
whole life costing calculation, something that the UK Mix C was able to demonstrate. These 
two mixes are technically very different and comparisons for specific issues are complex. It is 
however interesting that whilst so much other work has sought to connect the environmental 
impacts with costs (Lippiatt & Ahmed, 2004; Pieragostini et al, 2012) that this question was 
not more readily answered. There are clear areas for further research and improvement based 
on these findings and application of the assessment framework in Canada both for the 
manufacturer and the assessment framework itself. A more generic framework would allow 
other ready-mixed concrete manufacturers to set their own parameters and thresholds for the 
questions within the assessment.  
 
Data integrity and outputs 
Whilst not a specific part of the assessment framework it should be acknowledged that the 
preceding points of discussion are only really valid if it can be assumed that the underlying 
data from which the products are assessed is robust. From a UK perspective it is possible to 
know first hand the source and system from which much data comes from. Since the 
Canadian assessment was completed away from the researchers no evidence to support the 
validity of the assessment outputs was possible. In correspondence with the Canadian 
participants a few issues were discussed via e-mail, these were primarily relating to 
clarification of the questions and particular issues specific to the Canadian construction 
market that are different to the UK.  
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This assessment framework has purposefully avoided the term ‘sustainability index’ for the 
total output of the assessed products. The primary aim of the research is to assist product 
manufacturers to better understand the broader sustainability issues related to the manufacture 
of ready-mixed concrete. Further work will need to be undertaken if the outputs are to be 
communicated to other businesses or customers in which case great care must be made to 
avoid it becoming ‘useless if not misleading’ as Bohringer and Jochem (2007) have 
commented about higher level sustainability indices. The application of research in a 
commercial and industrial context is fundamental to improving communications between 
researchers and the ‘field’ (Issa et al, 2010) but also to feedback and provide further areas of 
research that need exploration. 
 
Conclusion  
Sustainability in construction is not an issue that is unique to the UK; it is prevalent in all 
markets and interpreted in different ways using different mechanisms, tools and rating 
systems. The emphasis on environmental impacts of product assessment has lead to a lack of 
a holistic sustainability assessment framework for construction products. Leading 
sustainability rating systems such as BREEAM in the UK and LEED in Canada incorporate 
materials assessment as part of their respective schemes but need to develop a more detailed 
appreciation of construction products and the benefits they bring to the built environment. 
This research has taken such a framework developed for ready-mixed concrete in the UK and 
sought to apply it directly to a Canadian ready-mixed concrete manufacturing unit for a range 
of mixes to test the applicability of the framework without modification from the UK 
assessment version.  
 
In general the assessment framework performed well for Canadian and UK ready-mixed 
concrete products; outputs were broadly similar between standard concrete mixes and high 
performance proprietary mixes. A number of areas relating to the flexibility of concrete 
standards to allow the use of non-primary raw materials and differences in waste legislation 
were shown to be apparent, this would support the evolution of a Canadian specific version of 
the UK framework although it would be expected that individual metrics and thresholds 
would change rather than the questions themselves. More work needs to be done by 
manufacturers to better understand the whole life cycle costs of ready-mixed concrete a wide 
body of research is available on this subject matter but a transparent and easy to use system 
could prove useful to the sector.  
 
This research has developed an assessment framework that is transparent, easy to use and 
focused on the manufacturer with the primary aim to improve the sustainability of ready-
mixed concrete products. Further trials could be conducted in the UK and on other countries 
operating in a similar policy framework.  
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APPENDIX G INTERVIEW CONSENT FORM & THEMES 
 
Shamir Ghumra 
Centre for Innovative and Collaborative Engineering (CICE) 
Loughborough University 
c/o Aggregate Industries 
Bardon Hall 
Copt Oak Road 
Markfield 
Leicestershire 
LE67 9PJ 
 
S.Ghumra@lboro.ac.uk 
07738 134454 
Title Name 
 
 
REQUEST FOR INTERVIEW: RESEARCH ON LIFE CYCLE ASSESSMENT TOOL FOR 
MATERIALS SELECTION FOR INFRASTRUCTURE PROJECTS 
 
 
Based at Loughborough University, I am currently undertaking an Engineering Doctorate with the 
CICE focusing on, ‘A Life Cycle Assessment based tool for materials selection for pavement 
construction’. The research programme is intended to develop a tool (based on the fundamentals of 
life cycle assessment) that will assist engineers, clients and other professionals in making material 
choices for civil infrastructure projects. As the scope of civil infrastructure is varied in the UK the initial 
phase of the research will focus on roads and in particular pavement construction. Some experience 
and knowledge has been gained from the BRE Environmental Assessment Method (BREEAM) and 
the Civil Engineering Environmental Quality Assessment and Award Scheme (CEEQUAL).  
 
 
The next stage of the work is to conduct a series of interviews with key stakeholders in this research 
area. I would like to meet with you to discuss a number of issues (please see appended question 
sheet). Specifically, I will ask you about pavement construction, life cycle assessment methodology 
and the possibility of a tool for materials selection. I hope that you will be able to assist in this 
programme of interviews. I will be in touch shortly to make arrangements by telephone.  
 
 
If you have any queries in the meantime, please do not hesitate to contact me.  
 
Yours Sincerely  
 
Shamir Ghumra 
Research Engineer 
 
This research is being sponsored by a global construction materials supplier which offers a range of aggregates, 
asphalts, ready mix, pre-cast concrete products and associated services. All personal details and information will 
be stored and used in accordance with the Data Protection Act. No details from this research will be passed on to 
the sponsor or any other party, without explicit, prior written permission being granted. Please read the attached 
Informed Consent form prior to the interview. 
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Survey of key stakeholders: identifying the key issues  
relating to a Life Cycle Assessment based tool for materials selection for 
infrastructure projects 
 
1. INTRODUCTION 
 
As part of a broader, four year programme of research on the development of a life cycle assessment 
based tool for infrastructure projects (please see attached letter), we are planning to survey the views, 
by a series of interviews, of identified experts in the field on what such tools should encompass.  
 
The interview will take the form of 45 - 60 minute personal interviews which will be arranged at your 
convenience; I will be in touch by phone to make an appointment in the coming weeks. An indicative 
set of questions are provided below along with the broader themes that will be discussed. 
 
This research is being sponsored by a global construction materials supplier which offers a range of 
aggregates, asphalts, ready mix concrete, pre-cast concrete products and associated services. All 
personal details and information will be stored and used in accordance with the Data Protection Act. 
No details from this research will be passed on to the sponsor or any other party, without explicit, prior 
written permission being granted. Please read the attached Informed Consent form prior to the 
interview. 
 
2. INTERVIEW QUESTIONS 
 
Part A: General Questions 
1) What do you think are the key issues for materials selection in an infrastructure construction 
project? 
 
2) Which stakeholders involved in a construction project have the most influence on materials 
selection? 
 
Part B: Themes for Discussion 
The bullet points overleaf provide a sense of the types of issues that will be discussed in the interview 
under this theme. 
Theme: Pavement Construction 
 
• Improving the sustainability of road construction 
• Developments in your industry related to this research 
• The functionality of a road  
• Resurfacing and new build; the approach 
DEVELOPING A SUSTAINABILITY ASSESSMENT FRAMEWORK FOR READY-
MIXED CONCRETE 
 
178 
Theme: Life Cycle Assessment Methodology 
 
• Life cycle assessment based tools for materials selection 
• Tool application in a road construction project 
• Methodologies currently accepted in construction 
• Changes to existing methodologies 
 
Theme: Materials Selection Tool 
 
• Important aspects for proposed tool 
• Introducing the tool to the market 
• Accounting for project specifics 
• Assumptions and devaluing the output; the trade offs 
 
Part C: Closing Questions 
 
1) Having been involved with this interview, would you be interested from further involvement in the 
consequent stages of this research? 
 
2) The current stakeholder group is quite diverse, who else should be involved in this research? 
 
3. CONTACT DETAILS 
 
For further details on either the interviews or the research programme please do not hesitate to 
contact: 
 
Shamir Ghumra 
Email: S.Ghumra@lboro.ac.uk 
Mobile: 07738 134454 
Project website: http://www.lboro.ac.uk/cice/prospective/abstracts/99_project.html 
 Focus Group Schedule  
 
 179 
APPENDIX H FOCUS GROUP SCHEDULE 
08.30 Coffee and registration 
 
 
09.00 Opening Address Dr Miles Watkins, Aggregate Industries 
 
09.10 The Engineering Doctorate Dr Jacqui Glass, Loughborough University 
 
09.15 The Story so far… Mr Shamir Ghumra, Aggregate Industries 
 
09.30 Theme 1: Does the framework have the right approach?  
Areas for discussion … 
• Another bespoke system 
• Balancing of issues (social, environmental and economic) 
• Internal benchmarking 
 
09.50 Groups to feedback 
 
 
10.15 Coffee break  
10.30 Theme 2: Does the framework address the right issues?  
Areas for discussion … 
• The triple bottom line – fallacy or reality? 
• What issues are ‘material’ to you? 
 
10.45 Sticker fun 
 
11.05 Discussion 
  
11.15 Theme 3: Is there any external value - really?  
Areas for discussion … 
• Integration into procurement decisions 
• Organisational credibility 
 
11.30 Plenary session 
 
Mr Shamir Ghumra, Aggregate Industries 
 
11.45 Final questions and summary 
 
Dr Matthew Frost, Loughborough University 
 
11.55 Thanks and focus group feedback without 
forms 
Mr Shamir Ghumra, Aggregate Industries 
 
12.00 A well deserved 3 Course lunch served in the Upper Deck Restaurant 
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APPENDIX I LIFE BROCHURE 
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APPENDIX J BS 8905 CASE STUDY 
 
